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PREFACE. 



This little pamphlet has no claim whatever to origina* 
lity, as the contents prove, how it came to be printed I shall 
explain. 

When the Government of India determined to under- 
take the construction of the railways of the future in this 
country, my attention and that of .other Engineers in the 
Department in the Central Provinces (who like myself had 
been formerly engaged on rail\^ay works in Europe) was na- 
turally directed to the consideration, of the various and im- 
portant changes which of late years have taken place in the 
construction of Railways, with a* view to economy in con- 
stniction and working ; and also to improvements in engines 
?ind Rolling stock. 

The result has been, that from various sources, valu- 
able facts, and data, were collected having regard to the cheap 
construction and working of these communications in various 
parts of the world ; but the information thus gained was so 
scattered through various publications, that it required some 
time and trouble to refer to it, I therefore collected a few of 
the more important facts and have had them printed for 
ready reference. 

To give the latest and best opinion on the general state 
of feeling in England with regard to railways ; I place first 
those valuable and remarkable articles on the " Railway 
Problem'* and the *' Railways of the future," which have 
appeared lately in " The Times" as also an article on the 



latter subject, published in the ^^ Raihvay News,*' — The facts 
and opinions stated in these articles, are full of interest and 
instruction. 

In the second part of this little pamphlet will be found 
the report of the results of the experiments on the Festiniog 
Railway with a Fairlie engine, the gauge being 1 ft. 11^ in- 
ches ; and also the report of experiments made on the 4 ft. 
8^ inches gauge with Faurlie's Engines the lines being the 
Mid Wales and Brecon and Merthyr. 

In addition descriptions are given of the const uction, 
and rolling stock of many of the lines recently constructed 
in England, Prussia, Belgium, Norway, Queens-land, Chili. 
The Mauritus &c., as well as a list of the most remarkable 
of the steep gradients which exist on some of the older lines 
in many countries. 

These facts have been gleaned from the pages of cer- 
tain Engineering Papers and also from the " Proceedings of the 
Institution of Civil Engineers." The latter are not publish- 
ed for general use but for Members and Assosiates of the 
Institution. They are valuable not only on that account but 
specially so, because they only record facts Illustrating and 
referring to works actually constructed, and which admit of 
no dispute as to practicability of execution and so on. 

The general result will be found to be, that of late years 
Lines of Railway of a narrower gauge than 4ft. 8^ inches, 
have been constructed at a reduced cost, and with much 
steeper gradients and sharper curves, than not long since 
were believed to be unadvisable if not impracticable, — such 
Railways by the use of an improved description of engine and 
Rolling stock, can at a lower rate for working expenses do 



the same work as the original lines of 4ft. 8^ gauge ^ith easy 
gradients and half or f mile curves. 

Mesrs. O'Callaghan and Binnie Exeeutiye Engineers 
have assisted me in collecting the information given in the 
following pages, we do not pretend to be authors and our 
time is not our own, but if we had had some leisure, we could 
readily have produced a Pamphlet more complete, and embra- 
cing more details ; one which would have entered into the cost 
and advantages of the Indian Railways of the Euture, if con- 
structed on the principles recommended in the following 
articles and statements. 

I hope some Engineer who may possess spare hours will 
take up this question. 




T. W. ARMSTRONG, M. Inst. C. K 

NAGPORE, 

June 

NoTK. - Sioc« the above was written and thia little Pamphlet was in the Press the 
r;(>vernment of India (*ircular No. 5, Railway and its onclosnres have been receiyed. 
1 think however that the facts and opinions I have had printed will still give some useful 
ia formation. 

T. W. A. 
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CHAPTER I. 



THE RAILWAY PROBLEM. 

tHE TIMES, OCTOBER 19, 20, 21, 1869. 

NOTICE No. I,— Times of 19th October, 1869. 



Two prodigious statements have been made this year 
in regard to railways which are well calculated to strike the 
popular imagination, and to convey in a compendious form 
all that we know of railway mismanagement. The first is a 
statement made by Mr. Laing as to certain branch lines con- 
structed for the Brighton Railway, that the shareholders who 
subscribed the capital of 4,000,000Z. towards their construc- 
tion might as well, for any benefit which can accrue to them- 
selves, have taken bank notes to this amount and used them 
to light their pipes with. That is certainly a vivid description 
of the waste of money laid out in branch lines which can 
bring no return. It shows that there must be something ra- 
dically wrong about them. The fact is that from the first 
we have spent too much money on railways ; but this was 
excusable for a long time, since we had much to learn and 
had to pay dearly for our experience. But the waste which 



was pardonable in our main lines became profligate when it 
was permitted in branch ones. There has been a wicked 
want of consideration, not indeed with respect to the locali- 
ties into which these branches run, but as regards the cost 
which should be incurred in their construction. We need 
not stay to inquire into the motives which have led to so much 
waste ; but we may point out in a few words how utterly in^ 
defensible has been the outlay. Let us imagine a trunk line 
of railway with eight or ten branches. The trunk line 
having cost, say 20,000i. a mile, has to carry over it not only 
its own traffic but that of the ten branches besides. Strange 
to say, the branch lines have in many cases cost more than the 
parent line, although it is but fair to assume that not one 
twentieth part of the traffic of the trunk could pass over the 
branch. How is it possible for these branches to pay ? In 
the Isle of Wight some of the railways have cost 30,OOOZ. a 
mile of single line, where it is not too much to say that the 
traffic, which is chiefly for pleasure, and therefore of a light 
character, might easily have been carried on railways of much 
slighter structure, that would have cost, including the rolling 
stock, no more than 5,000Z' a mile. And now there is a cry 
for more and more railways and for more and more branches. 
Any one, indeed, who will take serious note of these demands 
all over the country must see that our railway system is not 
yet nearly completed. Innumerable roads have yet to be 
formed, and it is impossible that shareholders will subscribe 
to them if there is not to be some radical change in the con- 
ditions imder which they are to be constructed and worked. 
It will not do to go on lighting pipes with millions of bank 
notes. 

The other prodigious statement to which we have referr- 
ed is one which Mr. Haughton, of the Northr Western itail- 



^ay, made in a letter to ourselves the other day, though he 
is not alone responsible for it. Mr. Eairlie, in his paper read 
before the Society of Arts last year, Mr. Haughton, in his 
paper read before the Society of Civil Engineers, and Mr. 
Haggard, in his pamphlet entitled A Mile of Railway ^ proved 
very clearly that there is an enormous disproportion between 
the net and tare of train loads. In Mr. Haggard's pamphlet 
it is stated, on figures furnished by Mr. Haughton, that every 
passenger carried by rail weighs a ton ; in other words, that 
3upposing a passenger and his luggage to weigh in reality two 
hundred weight, the rolling stock which has to be set in mo- 
tion in order to convey him to his destination multiplies his 
weight tenfold, so that for every passenger a ton has to be 
hauled. Mr. Haughton then corrected his figures, and in a 
letter addressed to ourselves as well as in his paper read to 
the Society of Civil Engineers, showed that every passenger 
weighs two tons ; and Mr. Eairlie asserts that the calculation 
has to be still further corrected, for the actual weight of a 
passenger as carried by rail is not less than two tons and a 
quarter. In this last statement of the case Mr. Eairlie is 
confirmed by another Engineer, Mr. Samuel, who declares 
that for every ton of passengers the engine has to draw 33 
tons of load, and who reckons the average real weight of a 
passenger at a hundredweight and a half, not as Mr. Haugh- 
ton, at two hundred weight. In the goods trains the dispro- 
portion between the paying and the non-paying weights is 
not so extravagant, though it is great enough in all con- 
science. According to Mr. Haughton's calculation no more 
than 30 per cent, of the load which is hauled by a goods 
train represents paying weight ; the remaining 70 per cent, 
is dead weight. Such a statement as this would of itself 
be astounding were it not eclipsed by the statement as 
to passenger trains that only five per cent, of tibe load 



pays, according to Mr. Hatighton, and only thred pet cfent^ 
according to Messrs. Fairlie ana Samuel, the remain- 
ing 95 or 97 per cent, being mere dead Treight, without 
which it is said to be impossible to carry the poor little per- 
centage of paying load. Let us think for a moment what 
this means. An ordinary omnibus may be assumed to weigh 
a ton, and its two horses, with their harness, are over-estimat- 
ed at another ton. It carries 28 passengers, who, having 
little or no luggage, may be estimated at two tons. The pay-^ 
ing and the non-paying loads thus balance each other. There 
is 50 per cent, of the one and 50 of the other. This is what 
occurs on ordinary roads where traction is difficult. What 
should we expect on the rail, where traction is easy ? Is 
it not monstrous that the average dead weight of our pas^ 
senger trains should, by the lowest reckoning, be 95 jpet 
cent, of the entire weight ? that to compare the figures 
with those of the omnibus it is necessary for the carriage 
of two tons of passengers to set in motion, not as in 
the omnibus twice, but actually 20 times that weight 
of rolling stock and freight combined ? or, to return to the 
succinct statement of Mr. Haughton, that every passenger 
should weigh two tons, and of Mr. Fairlie, that ho should 
weigh two tons and a quarter ? Surely there is a gigantic 
mistake somewhere. Surely this enormous waste of power 
cannot be necessary. Surely it must be a severe reproach to 
mechanical science, so long as a ton of passengers means, 
according to one calculation, 20 tons, or, according to ano- 
ther, 33 tons of load to be carried, and that not on rough 
ordinary roads, but on rails. 

It is impossible to acquiesce in such a state of things^ 
and the first thought which must cross one who reads of it is 
that the engineer who describes it is instantly going to pro* 



Jjbsc, good or bad, some remedy. What is our aiiiaziemelii 
on reading Mr. Haughton's paper to find that remedy there 
is none ? His paper is written to show that it is impossible 
to reduce railway fares. To tlie popular demand for reduc- 
tion of fares he points out, truly enough, what an enormous 
work the locomotive ha§ to perform. Every passenger behind 
the locomotive weighs a couple of tons, and how can people 
expect railway companies to lower the fares on such a load ? 
If we argue that the amount of dead weight is excessive and 
must diminish as seieiice improves, we are told by Mr. Haugh- 
ton that, on the contrary, dead weight has been of late years 
on the increase, and that *^ by no known processes can those 
enormous multiplications of original net weights be reduced 
consistently with affording that amount of personal security 
and comfort and accommodation now eujoyed.'* If we are to 
accept this as the last result of engineering science there is 
certainly a bad look-out for the fares of passengers and foi^ 
the dividends of shareholders. Mr. Haughton seems to re- 
gard it as the height of extravagance to look for benefit to 
either^ Railways have certainly taught people to be extra- 
vagant. They have achieved such wonders that they have 
raised unbounded expectations. We hear of some worthy 
people, for example, able men, too, who at the last meeting 
of the British Association proposed that Grovemment should 
take possession of all the railways in the kingdom, and should 
establish a uniform JEaxe for all distances, say of a shilling for 
the first class, which would convey a passenger equally well 
from London to Greenwich and from London to Inverness. 
These are wild dreams ; but surely not less wild is the dream 
of the satisfied engineer who tells us that the enormous waste 
of power expended on our railway trains is natural and inevi- 
table, and that by no known processes can we improve upon 
the present state of things. If Mr. Raphael Brandon^ who 



imagines that he can travel from London to Inverness for n 
shilling, be a dreamer of the first magnitude, surely he is not 
less a dreamer who is so wedded to the established order of 
things that he cannot conceive of any process by which the 
present prodigious waste of power on railways can be dimi- 
nished without afiecting the safety and the comfort of passen- 
gers. Mr. Haughton and others quote a little too freely, 
using as a kind of proverb the statement of The Times that 
we have here in England *' the best-served travelling com- 
munity in the world." Does it follow that this community 
of travellers cannot be better served, that th e not less impor- 
tant community of shareholders cannot also be better served, 
and that, in a word, we have reached the final result— the ne 
plus ultra of railway engineering ? It is astounding to find an 
eng ineer of Mr. Haughton's ability and position first of all 
prove that not 5 per cent, of the load of a passenger train is 
paying weight, and then proceed to the expression of his belief 
that his countrymen when '^ made aware of the actual con- 
dition of affiiirs will accept it as being on the whole the best 
possible," inasmuch as " the railways of the United King- 
dom are conducted by an accomplished, scientific, and highi- 
ly skilled body of experts who know their business, do it, and 
don't talk about it, and who, moreover, take out of the loco- 
nt^otive all they can and present it freely and exuberantly to 
those whom it is their interest as well as their pleasure to 
accommodate— the travelling community." 

It is now about 20 years since an outcry began to be 
raised unheeded against the extravagant system of our rail- 
ways. Our present railway system was established in all its 
vigour in 1845-1846. Three years afterwards an engineer of 
some eminence. Professor Oordon, in a pamphlet on RailuiHiy 
Economy^ -pMi forth this . criticism, which was little heeded 



Rt the time, but has since become ahnost common place :— 

" The existing railway machinery will be found monstrously dis- 
proportionate to the useful effect produced in four-fifths of the number 
of times that the machine is put in action. And to this waste of power 
may be most justly attributed much of the present embarrassment of 
railway companies/ 

Again, in another passage, he wrote : — 

" These figures indicate the small portion of the mechanism of the 
railway system of transport that is actually brought into requisition, 
even on the most frequented lines. Thousands, nay, millions of miles 
are lun by locomotives and carriages on the present system, while they 
are performing an amount of transport of passengers preposterously dis- 
proportioned to the power and capacity of the trains employed for 
effecting it." 

The protest thus raised has been gradually coming to a 
head, until at length, in spite of what Mr. Haughton says as 
to impossibilities, it has been forced upon the public mind 
that something mubt and can be done ; and we propose to-day 
to direct attention to the solution of the difficulty proposed 
by the engineer who in this country has been foremost in in- 
sisting on the necessity of lightening the structure of future 
railways, and of lightening even while increasing the work 
of the railways which exist. Mr. Eairlie has long been at 
work on this question, urging his views in many ways, but 
he has recently been able to carry out his designs and to 
show them in full working order, and the result has been so 
remarkable that for some weeks past the railway and engi- 
neering journals have been constantly engaged in discussion 
of their merits. Whatever be the result of this discussion, 
whether to confirm Mr. Fairlie's calculations or to tone them 
down or entirely to upset them, the question at issue is so im- 
portant and occupies so much attention that it is right to set 



the leading facts «iid arguments clearly before the puhlid/ 
leaving them as far as possible to form their own conclusions. 
In 60 doing, we shall endeavour to ayoid technical details and 
language^ and to state the case in plain English for ordinary 
readers. 

J'irst of all, then, let us state that Mr. Fairlie is now ex- 
hibiting at the Iron Works at Hatcham a steam carriage 
which goes through a surprising performance. The carriagef 
is 43ft. lung ; and yet it is driven at the rate of 20 miles an' 
hour on a line of rails laid in a small cabba?:e srardcn of about 
half an acre in extent. It whisks round curves of 50ft. radiui^ 

with perfect ease, with scarcely any noise, and Avithotit the 
slightest danger. If the curves had been still sharper — say 

of 25ft. radius, the engineer declares that his carriage could 
curl round them with not less ease, and, if possible, with 
even greater assurance of safety. The result thus obtained 
is very striking and full of interest to all who care to sttidy 
the question of railways ; but we should state at once that 
we give it the first place in the record of what Mr. Pairlie 
has attempted, not because the means by which these sharp 
curves are rendered practicable are wholly of his invention, 
but because they lie at the base of whatever subsequent im- 
provements in the construction of rolling-stock he has been 
able to suggest. An ordinary train cannot pass round sharp 
curves, because the carriages have a rigid wheel base, of con- 
siderable length. Get rid of this rigidity, and we can make 
the carriages turn. Every one knows how an ordinary fotup- 
wheeled carriage is made to turn sharp round on an ordinary 
road. It is because the front wheels are not rigidly attached 
to the carriage, but have a horizontal movement underneath 
^ it and independent of it. Now, if we imagine a carriage in 
which the wheels behind have a horizontal movement 



to that of the front wheels, we shall hare a very fair mo- 
d^l of what is known in the railway world as a *' bogie-car- 
riage/* and can understand the principle on which Mr. Fairlie 
works. " Bogie" is a north'country word for a spirit, a gob- 
lin, the devil ; and bogie carriages Were first used many years 
ago in Newcastle, where it was necessary for the coal wag- 
gons to double about the quays. They were so named be- 
cause they were supposed to turn upon one like a spirit, and 
to face one when least expected. You saw a bogie-carriage 
going off in a particular direction in full force ; in a moment 
it wheeled round an unexpected curve and was down upon 
you. " It's Bogie himself,'* cried the miners ; and so the 
waggon was named. The waggon, instead of being supported 
on four wheels rigidly combined in the same or parallel planes, 
was placed on two small but strong trucks, called bogies, 
which represent the front and hind wheels of the ordinary 
carriage to which we have referred. Each of these trucks 
may be supported on one, two or three pair of wheels, 
according to the size and strength required, and in the centre 
of each is a pivot — the bogie pin, as it is called — on which 
the coal waggon rests. The advantage of the system is that 
it wheels can encounter a very rapid curve of rails, because 
they are not locked into the system of a rigid wheel base 
belonging to the whole waggon. Each of the small trucks 
under the waggon is independent, and the engineer who has 
to calculate the curves of his line has in effect to calculate 
curves for the passage not of enormous waggons, but of small 
trucks on which the waggons are poised. The system worked 
80 well at Newcastle that it was adopted in America as best 
suited to the rude roads of so vast an extent of country, and 
admirably has it served them, making the traffic easy where^ 
without such carriages, it would be very rough and difficult. 
And now Mr. Fairlie has adopted this system of poising a 
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carriage upon wheels as the basis of all the iraprovemeHiiJ 
which he suggests in the construction of rolling stock, and in 
particular as the basis of his scheme for light railways. In: 
testimony of its success he shows, as we have said, a passenger 
train in working order, careering at 20 miles an hour round 
a small cabbage garden. It is important to make this de- 
monstration, because if railways are to advance we may be 
sure that many sharp turns are in store for them. ' To avoid 
these sharp turns both in town and country most expensive 
tunnellings, cuttings, and viaducts have been undertaken^ 
which in the new order of thinp^s, fast coming, will no more 
be tolerated. The rail must be taught to double round a 
street corner or a steep hill ; and in the garden at Hatcham 
we are shown how this may be done. Most people who have 
gone to Paris have maae a trip to Sceaux, and seen the sin- 
gularly ingenious contrivance by which the train is made tcy 
turn round at the Sceaux station so as almost to take the 
form of a serpent biting its tail. That is a complicated con- 
trivance unfit tor general use. At Hatcham we become ac- 
quainted with a simple device which may be used and is used 
on the roughest roads, and at great velocities. 

So far we give Mr. Fairlie no credit for originality, and 
he clp.ims none, as we understand. He has merely adopted 
an arrangement which he found ready to his hand, but which 
he sees more clearly than others to be of immense use in the 
future of railways, and which he has turned to account with 
singular ingenuity. Mainly through his urgency it is becom-. 
ing accepted among our engineers that there is no mode of 
traction for railways so easy and so convenient as that afford- 
ed by the bogie, which has been long adopted in America ; 
and, indeed, without it the American system of railways 
could never have been established. The long cars used oa 
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the American railways, for example, would be impossible 
^vithout the bogie ; and the bogie, as we have already hinted, 
has helped to give ease and stability to the motion of trains 
on rough roads, where, without it, the jolting would hava 
been terrible. It may be worth w^jlg to explain this in a few 
words — for the point is of importance as a contribution to the 
theory of light and cheap railways, and we shall have to 
refer to it again and again. A railway carriage or waggon 
poised directly upon wheels, as usual in this country, is a 
load supported on two points towards the ends cf the diflfer- 
ent axles in use. Let us for the sake of simplicity fix our 
attention on a single axle. The superincumbent weight rests 
at each end of the axle tree within the wheels ; as the carriage 
is in motion there comes a rough bit of road and a jolt ; the 
carriage is jerked on one side, and its weight comes down 
on the other with a blow which, despite the carriage spring 
through which it passes, must ultimately tell on the rail un- 
derneath. The rail has not only to bear the share of lead which 
each wheel conveys to it, but that load is increased with the jolt- 
ing as by the blow of a hammer. The carriage then rights itself, 
and in the procss jolts back to the other wheel, which in like 
manner conveys the force of a heavy blow to the rail. So the 
carriage oscillates with the force of a hammer from side to 
siie until the oscillations gradually die away, and a new series 
of oscillations with consequent blows succeed at the next bit 
of rough road. All this hammering adds greatly to the des- 
truction of the permanent way. And how is it avoided or 
lessened by the use of bogies ? It is so, because the load — be 
it a carriage for passengers or a waggon for goods — is poised 
on pivots in the centres of two bogies. The load rests on two 
points which follow a line midway between the rails. There 
may ensue from this some slight oscillation of the carriage ; 
but it is not an oscillation which hammers alternately on the 
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wheels, and which can disturb to any great extent the centre 
of gravity. The centre of gravity is maintained in the centre 
of the linC; so that the shock from side to side is reduced to a 
minimum, the comfort of passengers is promoted, and much 
tear and wear of rails is prevented. The point is well worthy 
of notice, because, in fact, we here touch upon the chief ad- 
vantage of the bogie. The most obvious advantage of the 
bogie is that of quick turning, from which it derives its name. 
It renders practicable to trains the most rapid curves, and cur- 
ves of an intricacy which, according to the system now in 
vogue among us, it would be madness to attempt. But if its 
power of adopting itself to curves constitutes its most obvious 
and showy characteristic, its most important characteristic, and 
that which most of all recommends it to the engineer who 
seeks to solve the mighty problem of railways, is the power 
which it possesses of adjusting and equalizing the load upon 
wheels, and of steadying the train. It is a matter of no little 
importance that on the railways of the future we should be 
able to turn about in a small space, and bogie is, indeed, a 
good bogie that will help us to such an achievement. But 
bogie is most of all a good and clever bogie if it will lighten 
our load and make it easy, like the lubber fiend of the fairy 
tales that works for us of his own good will. And it is to thia 
power possessed by the bogie of adjusting, equalizing, and 
easing a load that we are now chiefly to turn our attention 
in discussing the problem of railways. 

Before entering into this discussion, however, and i^ow- 
ing how Mr. Fairlie brings the bogie to bear upon it to solve 
the railway problem, it may be well to complete what has 
tp be said of the bogie, as applied to curves. In traveUing 
round swift curves it is found that both the existing system 
of coupling carriages aoid the existing system of buffers are 



13 

fieriouBly at faulty endangering the stability of the traini and 
damaging the rails and rolling stock. Everybody knows the 
accepted system of buffers. These are placed two and two 
at the extreme ends of the carriages or waggons^ right and 
left. Now, if wc place two carriages, end to end, upon a 
sharp curve, it must be evident that, since the carriages re- 
present two rigid straight lines, the buffers on the inner side 
of the curve will be in close contact, while those on the outer 
jside will be far apart. But if this state of things exists on 
the level of the buffers, there must be a corresponding con- 
dition of things on the level of the wheels. The flanges of 
the inner wheels will be relieved from the rails, while those 
of the outer set, which are already from centrifugal force too 
much inclined in that direction, are pressing hard against 
them and grinding them to destruction. Another result also 
follows. In order to permit a state of things by which the 
buffers on one side of two contiguous carriages shall be press- 
ed together while those on the other side are far apart, the 
coupling chains of the two carriages must be loose, and from 
loose coupling arises the concussion of carriages with which 
we are all familiar. Passeuger carriages on straight lines 
are generally coupled so as to jam the bufferheads together. 
The carriages run much more steadily when so coupled, the 
oscillations produced from great speed are diminished, and 
the severe jerks and collisions which we have all felt at the 
starting or the stopping of a train are prevented In lines 
of much curvature it is impossible to have this tight cou- 
pling, and hence much knocking, bumping, discomfort, and 
breakage. Besides which, on goods' waggons and cattle tracks 
it is impossible, in almost any case, to have tight coupling, 
and hence much damage to goods and much suffering to ihe 
dottle ; henco, also, the necessity of making ' thbi^e Wi^gons 
iironger und heavier than they need be in order to resist the 
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force of frequent concussions. Get rid of the buffers altogcf- 
ther and couple the carriages close, says Mr. Fairlie, and you 
will get rid of these concussions. *^ It is well known," be 
says, " that nothing is so beautifully delicate in its move- 
ment as an engine passing from rest into motion. Those who 
may have stood on the footplate and started an engine, even with- 
out a tiain, know that it is done in the most easy and grace- 
ful manner. Therefore, by coupling up the train in one solid 
mass, its movement must be as delicate as that of the engine 
itself, and all the damaging effects of the present system" are 
obviated. But how is this to be done, at the same time pro- 
viding for the flexibility of the train ? The ends of the car- 
riages and waggons at present meet each other square. Mr. 
Fairlie proposes, in the first place, that these carriages, where 
they meet, should present to each other a circular front. This 
would give them, instead of, as at present, in the buffers, two 
points cf contact, the positions of which are invariable, a sin- 
gle point of contact, the position of which would be variable^ 
If the carriages are in a straight line, they will touch in the 
apex of the curves which they present to each other. If they 
meet each other at an angle a new point of contact will be 
formed upon the curve to right or left of that apex. But for 
this purpose the carriages must be coupled after a new me- 
thod. According to the present method, the coupling chains 
or bars hold on to the ends of the carriages — from points on 
the middle of the ends. But this arrangement is obviously 
impossible if, as Mr. Fairlie proposes, the carriages construct- 
ed with curvilinear ends are to meet normally in the middle 
of these curves, and are to have free play to move round each 
other from side to side. It is, therefore, proposed that the 
junction of carriages shall be effected not between the ends 
where they meet, but by a draw-bar passing underneath the 
carriages from centre to centre. Whichever way the carriages 
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hiay turn, this drawbar, being made up of two radii of two 
circles which are in contact, must always be of equal 
length. 

The advantage, however, of this method of coupling the 
carriages is not merely that it prevents concussion by screw- 
ing up the train in one solid, but flexible mass, that carriages 
and waggons, therefore, saved from the ills of concussion 
may henceforth be built somewhat lighter, or may be expect- 
ed to last longer, and that the flange friction of the wheels 
upon the rails is much diminished, but furthermore the trac. 
tion of a train upon curves becomes easier and safer. This 
may readily be explained if we give our attention to a single 
carriage of the ordinary construction, and imagine it as a 
straight line. Imagine this straight line — that is, the carri- 
age — placed upon a curve which represents an imaginary line 
midway between the rails. The straight line will be a tan- 
gent to the curve. Its midpoint, which represents the centre 
of the carriage, will touch the curve which represents the 
centre of the road ; but its two ends will be off* the curve and 
outside it. There must evidently be a considerable difference 
if the force of traction exerted upon this carriage seizes the 
centre, which keeps to the centre of the road, or seizes the 
end which is off the road, and has an increasing tendency to 
fly furthes and further off. If, now, we imagine the carriage 
represented by a line, not as one of the usual construction, 
but as one resting on bogies, and if we place these bogies re- 
presented by the two ends of the carriage line upon the curve, 
the line of the carriage will no longer be a tangent, it will be 
the chord of an are, and, its midpoint being always within 
the curve, the force of traction exerted upon it will be direct- 
ed to pull the carriages inwards, and so to diminish the fric- 
tion upon the outer rails, and to preserve the centre of gra« 
vity always on the safe side. 
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But in all this the prominent fact to be seized is that tkh 
primary object of the engineer is to ease the rail, to steady 
the train, and in the end to lighten the load. Thjat question 
of the management of curves is of subsidiary importance, and, 
though interesting in itself, it is chiefly interesting as show, 
ing the capability of the bogie to solve the problem of easing 
the rail under the most difficult conditions. Mr. Fairlie, as 
we have just seen, has struggled with one part of this pro- 
blem in dealing with the mode of coupling carriages, and 
their traction. We have now to consider what is most pecu- 
liar to his system, and how he proposes to work out such 
results that, whereas, according to Mr. Haughton, every pas- 
senger now carried weighs on the average two tons, that is 
40 cwt., and whereas, according to Mr. Samuel and Mr. Pair- 
lie himself, every such passenger weighs 45 cwt., he under- 
takes that they shall weigh no more than 5 cwt. It has 'al- 
ready been sufficiently indicated that he proposes to work 
this ont by means of the bogie. What is peculiar to his use 
of the bogie is that, having great faith in it generally, he for 
the first time has ventured to apply it to the driving wheels 
of the locomotive Before him the bogie was in use bs ap- 
plied to carriages, cars, and waggons, and occasionally to the 
carrying wheel3 of the engine ; but he has now applied it to 
all the wheels of the engine, and has certainly got out of it 
results which a^e worthy of consideration. The first result, 
however, is not perhaps that which readers will expect tvho 
may bear in mind the earlier paragraphs of this article. In 
which we laid stress on the need of light railways, and in 
which we described the light steam carriage in the garden 'at 
Hatcham. The first result is the production of locombtiVes 
much more powerful than any which have yet been built, and 
yet much more economical as regards wear and tear of the 
permanent way and their own wear and tear. Mr. Kirtliei 
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the eminent engineer of the Midland Raiway, has taken the 
xnitative in placing one of these double bogie engines to work 
the heavy coal traffic at the London end of his line. The 
grand principle of the bogie is that it distributes, economizes, 
and easesf the load. Therefore it not only makes extremely 
light railways possible, but it also makes extremely heavy 
ones more manageable than thef ever were before. Now, as 
heavy railways are in existence, and the light ones are in 
great measure still to come, the problem of the former is even 
more imminent than that of the latter, for Mr. Fairlie's theo- 
ry is that passenger trains on all railways should be much 
lighter than they now are, and that goods trains should be 
much heavier. And not only is the question of how to deal 
with heavy traffic more pressing than that which concerns 
light, but also in examining how the bogie can be turned to 
account in the solution of the heavy problem we can see its 
working more clearly and fully than in the case of light rail- 
ways. Let us examine the question, therefore, first of all as 
^itppertaining to heavy loads on existing railways. 
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THE RAILWAY PROBLEM 

NOTICE No. 2.— Times of 20th October, 1869. 
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For heavy goods traffic heavy locomotives are used ; but 
those of the current type have two faults : — They eat up the 
rails^ and their strength is limited. 

With regard to the first of the8e faults it is to be noted 
that the chief destroyer of the rails is the locomotive. The 
carriages and waggons are comparatively innocent. It is for 
the monster engines that year hj year engineers are laying 
down stronger and stronger rails of steel, and still find the 
greatest difficulty in repairing their ravages. The engineer 
of the permanent way is in despair for the means of keeping 
his line in order. Go to him and he will tell you, — " We 
carry millions of tons of goods on our line, but wc might 
carry as many millions without hurt weie it not for So-ana- 
so's engines. They tremble and grind along, and break down 
all before them. What should remain a perfect road for years 
with not more than two men to the mile to look after it is 
now hanmiered out in as many months, with five times tho 
number of men employed upon it." Wo have all heard of 
the great war which is now gofng on between armour-plate 
and guns. There is a similar war carried on between the 
locomotive and the rail. The railway engineer swears against 
the ponderous locomotive floundering over his road and crush- 
ing it to pieces ; while the locomotive superintendent swears 
i^ainst the bad roads that wear out the tyres and axleboxes^ 
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hhd breaks the springs of his engines, so that it is as inucli a3 
he can do to ke^p the stock on the road at all. It is to be 
observed, however, that this process of mutual destruction is 
not produced by the normal weight of the engine. It is pro- 
duced by the hammering which comes of imperfect equilibri- 
um. Will our readers be good enough to recall what we at- 
tempted to show as to the jumping of an ordinary carriage 
upon the rails ? It is the sama with the ordinary locomotive. 
Poised in a similar manner upon its wheels it rocks from 
side to side till it bends the rails into a crook like a dog's 
hind leg, and there are many instances in which the strongest 
steel rails have to be taken up and replaced in six months. 
It is calculated that the blows produced by the violent oscill- 
ation of a locomotive going at 30 miles an hour may be taken 
at 60 per cent, added to the weight upon the wheels. If the 
nominal weight upon the wheel of a locomotive is eight tons, 
then the momentum of concussion may be taken as raising 
the weight to more than 12 tons. It is in view of such a tre* 
mendous system of destruction not only for the rails but also 
for the machines which roll upon them that Mr. Fairlie comes 
forward with his bogie notion. Even before him it was 
deemed advisable by several engineers who were satisfied of 
the good effect of the bogie to rest the locomotive upon one ; 
that is to say, one end of the machine was made to rest upon 
a bogie while the other end was sustained in the usual man- 
ner upon axles. By this means the oscillations were dimini- 
shed, but they could not be entirely removed and the locomo- 
tive made quite steady^ while at one end the load was so 
arranged upon axles and wheels that there was a see-saw 
movement from side to side, coming down upon each pair of 
wheels with a violent shock. If the oscillation is to be en^ 
tirely dissipated, there must be a complete surrender to the 
principle of the bogie. Mr. Fairlie, for the first time, laid 
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the locomotive on a pair of bogies — making even its driving 
as well as its carrying wheels the wheels of bogies. He has 
in this way been so successful in getting rid of violent and 
destructive oscillation that Captain Tyler, the Government 
Inspector, declares of one of the Fairlie engines on which he 
travelled at a speed of 50 miles an hour, that it was absolute- 
ly free from oscillation, and that its motion was so smooth as 
to be comparable only to flying. 

The other fault, which we imputed to the current type 
of engine, is that of weakness — of course, comparative weak- 
ness. On some of the lines there is an enormous amount of 
work to be done in the carriage of goods and minerals. The 
roads are blocked with the trains, so that on the North- West- 
em Kailway they have to resort to the costly expedient of 
tripling the line. The train loads have been gradually in- 
creasing, till now it would seem that according to the system 
in vogue we can go no further. There was a time when the 
load of 100 tons was considered a great thing ; now loads of 
300 and 400 tons are an every day occurrence. But the loco« 
motives which are used for these huge loads are, as we have 
seen, ruinous to the permanent way, and yet they cannot 
clear off the traffic fast enough. Mr. Fairlie cries aloud to 
the railway companies : — *' Your passenger trains are ten 
times too heavy, and your goods trains are only half what 
they ought to be. There is no reason why, by adding several 
hundred tons to each of them, you should not reduce by one- 
half the number of your goods trains, which now block the 
way and create so many accidents.'' The answer to this is, 
that, as a matter of fact, we have kept on increasing the loads 
until at last we have reached the limit of endurance of the 
rails, and that, as regards the locomotives, we have gone on 
piling weight upon weight and increasing them in length and 
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breadth and height until now we have come to a standstill. 
We cannot increase them in length, because of the rigid wheel- 
base, Tvhicli now so much exceeds what it should be that, 
notwithstanding the very heavy rails employed, it takes more 
than three times the number of men per mile to repair the 
line and to keep it in guage than it used to do a few years 
ago. We cannot increase them in breadth, as the guage is 
the limit to this. And we cannot well increase them in 
height, as the monsters now look like towers tearing along on 
wheels, and these wheels, with their vast superincumbent 
structures, are already overloaded, and in turn overload the 
rails. But here again strikes in Mr. Fairlie with his answer, 
which is that by adopting the bogie system of carriage in its 
entirety we can solve the problem, for we can adjust the 
weights of the locomotive more equably, we can move it with 
less disturbance, and we can increase its length without 
lengthening the wheel base. Accordingly, he has construct- 
ed several locomotives which are not heavier than heavy loco- 
motives usually are, which have the load so distributed upon 
the wheels that upon any pair the pressure is not so severe as 
it is on some of the wheels of locomotives of the current type, 
and which, nevertheless, possess two boilers, with two pair of 
cylinders, capable of driving a goods train loaded to 800 tons. 
One of these locomotives, entitled Progress, is now employed 
on the Midland Railway, and at a public trial of its powers 
performed as follows : — ^There is between Hendon and Ken- 
tish-town a rising gradient of 1 in 180 for more than a mile. 
Up this gradient the locomotive hauled from CO to 70 loaded 
coal- waggons, weighing 700 tons, at a speed of 15 miles an 
hour. The engine is only of medium size, according to this 
principal of construction, and yet it possesses about twice the 
power of the heaviest in ordinary use. 



23 

Mr. Haggard, in his well-known pamphlet, made a re^ 
markahle calculation. He stated that if hut one penny a mile 
could he saved on all the miles of train run in the United 
Kingdom in the course of year there would he an additional sum 
of 618,0002. to distribute among the ordinary shareholders. 
The cost of running a goods train is on the average about 3s. 
a mile, while its gross earnings are about twice that sum ; 
but suppose that you double the size of the goods trains, and 
therefore earn double, does it follow that you double the ex- 
penses ? Nothing of the kind. One of the Fairlie engines, 
capable of performing double the task of an ordinary heavy 
engine, does not cost nearly double. The original price of 
the one may be set down at 2,5002., that of the other at 3,6O02. 
The fuel, oil, tallow, &c., which the one consumes is not 
nearly double the consumption of the other. It does not re- 
quire anything like twice the number of men to attend to it« 
The locomotive laid upon bogies is even less destructive to 
the permanent way than the ordinary engine ; and if the bo- 
gie principle could be adapted to the goods trucks, their wear 
and tear of the rails would also be diminished. Mr. Fairlie, 
as we understand, claims that the extra expense of the double- 
loaded goods train would be less than Is. a mile, but proba- 
bly this is a sanguine reckoning. Suppose we say Is. 6d. a 
mile. Still there is a tempting profit left which is worth 
grasping at. It is calculated from the last railway returns 
that the average earnings of a goods train on our best lines 
are, as we have said, about 10s. a mile and that its expenses 
are about half this sum. If trains could be doubled, the aver- 
age earnings of each would be 12s. a mile, while the expenses 
would be increased to less than 4s., as Mr. Fairlie maintains^ 
but to be within the mark we say 4s. 6d. There remains on 
the transaction a clear gain by the new method of Is. 6d. a 
mile for the dividends of shareholders. Besides which, by 
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having one train in place of two, the road is cleared^ the risk 
of accident is diminished, and companies are saved the neces- 
sity of constructing at great expense a third line of raik. The 
system, it is clear, must be especially valuable to railways 
that possess but a single line. 

If now we turn from the consideration of goods traffic 
and proceed to consider that of passengers, we find a very 
different state ot things, with regard to which opinions vary- 
not a little. On the one hand are Mr. Raphael Brandon, Sir 
John Bowring, and Dr. Farre crying out for a uniform fair 
of Is., which will cover the cost of transit from London to 
John o' Groats, as well as from London to the Crvstal Palace. 
On the other hand is Mr. Haughton, strenuously insisting on 
the impossibility of reducing railway fares, and declaring that 
engineers j uat now get the very most out of the locomotive, 
and present it freely and ** exuberantly'* to the passengers. 
On the onehand^ ^.gain, there is Mr. Haggard, in his pamphlet 
insisting on the necessity of reducing the number of trains in 
a day ; on the other hand, are his critics (ourselves among 
them) protesting loudly against any such reduction. But at 
tlie basis of all that has to be considered there lies the fact, 
which cannot be too often repeated, that a ton of passengers 
involves, according to Mr. Haughton's calculations^ a train 
bad of 20 tons, and according to Mr. Samuel and Mr. Fairlie, 
a train load of 33 tons. It is impossible to persuade us, as 
Mr Haughton thinks we can be persuaded, to accept such a 
state of things '^ as under the circumstances, the best that is 
possible." And we cannot help regarding with some interest 
Mr. Pairlie's statistics when he assures us that it is quite 
within the reach of engineering science to carry passengers 
in such a manner that each one in the train shall count only 
for five hundredweight of load, and not for the 40 hundred- 
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weight which, according to Mr. Haughton, they at present 
involve. In putting the comparison thus, however, it is open 
to misconstruction, for hy a passenger Mr. Haughton under- 
stands an average weight of two hundredweight, counting lug- 
gage ; while Mr. Fairlie, taken note of the millions and mil- 
lions of passengers who makes excursions without any .lugg- 
age whatever, insists that a hundredweight and a half, or 1 2 
stone, is a fair average figure at which to rate the passenger. 
The comparison may perhaps, therefore, be better rendered 
by s6.ying that whereas Mr. Haughton declares that a ton of 
passengers weighs in a train no less than 20 tons, and 
whereas others declare that^it weighs no less than 33 tons, 
Mr. Fairlie asserts that it is quite within the reach of engi- 
neering science to make it weigh no more than four tons. 
And, primd facicy it must be admitted thjtt the presumption 
is all in favour of Mr. Fairlie. If we take an omnibus work- 
ing on rough ordinary roads and find that its two tons of 
passengers weigh no more than four tons in the entire weight 
of omnibus, horses, and passengers put together, th^n it is 
more natural to believe that on easygoing rails, even at an 
increase of speed, a ton of passengers should weigh four tons 
than that it should weigh 20. In urging this comparison, 
however, we have still to beware of error. Por it is to be ob- 
served that when in the existing system of railways a ton of 
passengers is described as weighing in tho train load 20 tons 
according to one calculation, and 33 according to another, 
this is an average, into which there entires the fact that many 
thousands of trains are never loaded to the full, and that in- 
deed very many of them take a load of passengers one way, 
and then tun back empty for another load. On the other 
hand, when Mr. Fairlie states that according to his system a 
ton of passengers makes no more than four tons of train load, 
be assumes that his train carries its full complement of 
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passeDgers. In the actual working of such a line as he imagines, 
the passengers must oilen he much less than the train can 
accommodate, the result of which is that wheu the time comes 
to strike the average for the entire year it will be found that 
the weight of trainload hauled is considerably more than four 
times the weight of passengers hauled. But no matter. Say 
the train load were double what Mr. Eairlie imagines, the 
gain which his system seems to promise ought to tQuch the 
hearts of shareholders, and is well worth considering. 

How the scheme will work is shown in the small cabb- 
age garden at Hatcham, to which we now return. This gar- 
den has been visited in the last few weeks by thousands of 
persons — engineers, airectors, shareholders, and inquisitive 
travellers — who are interested in railways, and who have now 
the opportunity of judging for themselves what can be done. 
The carriage exhibited may best be described as a steam 
coach, with compartments, as in an ordinary railway carriage, 
capable of holding 66 passengers with the usual comfort, and 
weighing when fully loaded, about 18^ tons. With regard 
to the number of passengers which it can accommodate it should 
be stated that according to the railway returns for 1867 (the 
last published) the average number of passengers to a train, 
taking into account the immense excursion trains all over 
the kingdom, is 73. Therefore this combined engine and 
carriage, in proving for 66 passengers, makes room for very 
nearly the average number. Mr. Fairlie has designed another 
steam carriage on the same plan, which is not exhibited, but 
which has accommodation for 90 passengers, and, when fully 
loaded, weighs no more than 20 tons. If still more room is 
required nothing would be easier than to add on another car- 
riage. The length of the carriage is 43 feet, including a 
compartment near the engine for the guard. T)te, QiHriage at 
one end rest^ on a four-wheeled, bogie whic|i it haa all to 
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itself. At the other end it rests another four-wheeled bogi^/ 
which, howerer, it shares with the engine. The bogies upon 
which it swivels have a wheel base of less than six feet, andy 
therefore, despite the great length of the carriage it can be 
drawn upon any curves which are fit for a wheel base of six: 
feet in length to run upon. Actually on this garden the car- 
riage passes round curves of 50 ft^et radius and it could 
easily go round one of 25 feet radious — that is, little 
more than the diameter of a good-sized turntable. Moreove, 
although the rails are laid round the garden in a rough and 
ready fashion, so as to have no pretensions to such smooth- 
ness as English travellers are accustomed to, the motion of 
the carriage — travelling round exceptional curves on a rough 
laid road — is easier than that of an ordinary train. Those 
who doubt can go and see. For the rest we quote from one 
of the technical journals — Engineering — some figures which 
may be interesting to those who wish to search deeper into 
the action of the new carriage. We confess to some bewilder- 
ment at the columns and columns of figures about this carri* 
age which have appeared in every one of the engineering, me- 
chanical, and railway journals, by all of which, indeed, the 
new comer seems to be hailed as a godsend. Those which 
follow are very simple, and may easily be apprehended by 
readers of ordinary intelligence. After pointing out that the 
steam carriage is 18-^ tons, the writer goes on to say : — 

" The adhesive weight is nearly half as much, and the average 
steam tractive force at least half a ton. The resistance of such a carri- 
age at 25 miles an hour, upon a level would not exceed 3001b. or 4001b., 
nor, upon a gradient of 1 in 60, more than from 1,0501b. to 1,1501b., the 
whole actual work done being, say, 25 horse power in one case and 75 
in the other, or, supposing the speed on the gradient to be diminished 
to 17 miles an hour, to but 50 horse power. The carriage is not one of 
the omnibus kind, but has seven compartments and a guard's van, in 
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all respects in conformity with the standard rolling stock of English 
lines. The weight per wheel being in no case greater than 2^ tons, 
lines of corresponding lightness would serve as well as heavy lines now 
serve for heavy engines, loaded as they are from 5, 6, 7, to even 8 tons 
upon each driving wheel. If even half filled with passengers, such a 
carriage at oridinary fares would earn about 5s. per mile, and if filled, 
of course twice as much. The whole cost of working would certainly 
be small. When working upon moderately easy gradients the consump- 
tion of coal would run but from Clb. to 81 1>. per mile, the wages of driv- 
er, stoker, and guard, making 100 iniles a day, to but IJd. per mile, and 
repairs to probably less than a pound a day, or 2Jd. per mile, these res- 
pective expenses being thus only 5d. or say 6d. per mile, including all 
train charges. Pennanent way, station expenses, and general charges 
might carry the whole to Is. or Is. 3d., but even at twice the last-named 
cost there would be a high proportion of profit on the work.'' 

We have already observed that a statement which ap- 
peared in The Times, to the effect that the English is the 
best served travellinij community in the world, has been 
quoted a little too freely by tlie apologists of the existing sys- 
tem of management. But, on the other hand, a parallel 
statement made in these columns, to the eflfect that the cry of 
the railway economists for a diminution in the number of 
trains is a demand to which the public cannot submit, has 
also been freely quoted as an evidence of the unreasionable 
expectations of this travelling community. The advocates of 
economy show clearly enough that some trains are crowded, 
that others are but half filled, and that again others are near- 
ly empty ; and they also show that it would be a gain to the 
railways not to run these little-used trains. But we have to 
look at the question from the point of view of the public, and 
we honestly think that for their accommodation, the trains 
run are by no means too numerous. If, being so numerous, 
they are too expensive for the railway companies, we main- 
tain that this is their own faulty and the figures prove it. Say 
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yrhat Mr, Haugbton will, we cannot be made to belire this to 
be the last result of our boasted engineering science — that a 
ton of passengers must weigh on the average SO or it may be, 
33 tons. Instead of sending 73 passengers, the average nuin* 
ber, in a train weighing 150 tons, why not try to send them 
as Mr. i^airlie proposes, in a train which, when fuUy loaded, 
is no more than 20 tons ? Mr. Eairlie may be over-sanguine 
in his calculations, but at least he is grappling with the problem 
of railway economies at its right end, and his claims are wor- 
thy of a fair trial. If he can do half what he undertakes he 
will deserve our thanks. 

i/ A light train does not necessarily imply a light railway. 

The foregoing remarks, therefore, on the need which exists 
to lighten our passenger trains and the method of so doing 
apply equally to heavy and to light railways. But it is not 
possible to bring this discussion to a close without insisting 
on the necessity of lightning the construction of future rail- 
ways. It is lamentable to think of the waste of money in 
our branch lines through thinly-peopled districts, and in our 
colonies, where there is great demand for railways, and where 
the engineers are proposing to build them on a magnificent 
scale. Our people have now become so accustomed to the 
railway that all over the country they sigh for its advantages, 
and there is nothing to stop them from projecting line after 
line but the enormous expenses which engineers, lawyers, con* 
tractors, and directors in combination declare to be essential 
to their construction. Why, when a little branch railway is 
to be constructed, engineers, contractors, lawyers, and direc- 
tors should combine to say that it must be a grand afiair is best 
known to themselves. We only know that this game has now 
been played out, and that if we are really to go on building 
more and more railways in this country it can only be on the 
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condition of their showing in the estimates and in tho actual 
working a set of figures to which our railway kings are little 
accustomed, and which, perhaps, they might think it scorn to 
read — figures like those of the little Welsh railway which, 
built at a cost originally of 2,000Z. a mile, has yielded to its 
shareholders a sweet little dividend of 30 per cent. 2,000^ a 
mile for a railway — can anything be more contemptible ? Yet 
perhaps even railway kings may stoop to such meaimess for the 
sake of the dividend returned. In the case of the little Welsh 
railway to which we have referred — one of 14 miles, between 
Festiniog and Portmadoc — the returns are 30 per cent, upon 
its original capital of 36,000^., but as in the course of years 
50,000/. has been taken out of revenue, spent in improve- 
ments, and therefore, treated as so much additional capital 
laid out, the dividend paid upon this total amount of capital, 
86,0002., is about 12^ per cent., and the line is .still improv- 
ing. 

For one thing in future railways, the cost of land is im- 
mensely diminished. Time was when the land had to be pur- 
chased at exorbitant prices, and when directors, indeed, had 
to fight proprietors in Parliament for possession of it. Now, 
the owners of land are in many cases willing to give it freely 
for the sake of the advantages returned to them by the rail- 
wav passing through their estates. And that goes far to di- 
minish henceforth the average of 35,000/. a mile which our ^^ 
railways have cost. It will be diminished still further by 
lightness of construction in the permanent way and by con- 
sequent lightness of rolling stock. The lightness and cheap- 
ness of the permanent way depend upon several conditions, 
of which the first and most obvious is that it shall not be con- 
structed as if it had to bear the weight of a colossal traffic 
when the traffic is as slender as it can well be. On this point 
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it is needless to enlarge. Nor yet on another point on which 
we have already said enough is it needful to dwell — namely, 
on freedom from the expense of deep cuttings, tunnellings, 
and costly viaducts through the necessity of avoiding curva- 
ture and keeping the train in as straight a line bb possible, 
following the bogie method of swinging the carriages, th^re 
is no amount of likely curvature in a road which the railroad 
need shun. It is not merely, however, to avoid curvature 
that in railways of the heavy existing type the great expense 
of deep cuttings, magnificent viaducts, and tunnellings has 
been incurred. It has also been incurred to avoid steep gra- 
dients, since, according to the present system of weigkting 
the wheels of a locomotive, it was impossible to find adhesion 
enough for the driving wheels. By the use of the bogie and 
the readjustment and increase of weight which it rendera 
possible, the adhesion of the driving wheels is so increased 
that Mr. Fairlie and his followers claim for the double-bogie 
engine the power of doing all the traffic up such a line as the 
Mout Cenis Railway, ascending the gradients of 1 in 12 with 
its own natural power of adhesion to the rails, and without 
the artificial adhesion created by the central rail. We quote 
such a statement, of course, with all due reserve, and with 
some doubt whether the engineers who exclaim against the 
necessity of producing artificial adhesion on a midrail on 
a gradient of 1 in 12 make sufficient allowance for the influ- 
ence of climate upon the adhesion of their engines. What 
are the chances, for example, of slipping in the near proximi- 
ty to Alpine cold ? The statement, however, having been 
advanced, it may deserve to be quoted for what it is worth ; 
and the more so seeing that, as a matter of fact, there is proof 
enough that the double-bogie engine does admit of greater ad- 
hesion, and therefore of easier ascension upon steep gradients, 
than the ordinary locomotive. 
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From these conditions necessary to the existence of cheap 
railways — namely lightness of construction, with great possi- 
bilities of curvature and of gradients — we pass on to another 
which may or may not be of riiuch practical importance — it is 
difficult to say ; but which, in connexion with the exploits of 
the double-bogie engine, is of not a little interest — we refer 
to the question of gauge. It is essential to cheapness that 
the gauge of small lines should be diminished ? If this ques- 
tion should be answered in[the affirmatire, it still remains doubt- 
ful whether the advantage of savini; thus effected is sufficient 
to counterbalance the inconvenience of isolating this or that 
branch from the general railway system of the country, esta- 
blished on the universal gauge of 4 ft. 8-Jin. But we may 
state that, since a gauge of 4ft. 8^in. has been found sufficient 
for the heaviest requirements of our heaviest lines, such as 
the Nurth-Westem Eailway, it seems very absurd to widen 
the gauge, a widened gauge implying heavier rolling stock, for 
thinly populated districts where the traffic is not to be com- 
pared with that of our Midland Counties. In Ireland the en- 
gineers (" exuberantly,*' as Mr. Haughton would say) widen- 
ed the gauge to 5ft. 3in« In some of our colonies they are 
still more exuberant, and, for the dear delights of additional 
expense, lay down a gauge of 5ft. Gin. It is a mistake, for 
in fact great breadth of gauge is one of those causes which 
must tend to increase the load of a light goods train. Mr. 
Bidder has stated that " not a single goods train is loaded up 
to one-fourth of its capacity" — in which phrase we are to un- 
derstand goods as not including coals and other minerals. 
And the reason why goods are thus distributed in trains that 
might contain four times the quantity will be evident on a 
little consideration. You can fill a passenger train and emp- 
ty it quickly, for it empties itself. But goods, which have to 
be distributed at a number of points in a given line, cannot 
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be thus quickly deposited from the train as it stops at tbfi 
different stations. The train cannot wait, and it is found 
easier in practice to allot a wliole wagofon, or as * many wag- 
gons as may be required, to the goods intended for a particu- 
lar station, and to let the train pass on, dropping whole wag- 
gons in its transit. But this implies that goods must be dis- 
tributed in many more waggons than are necessary for the 
whole lot, and hence the statement of Mr. Bidder that not 
a single goods train is loaded up to one-forth of its capacity. 
Follow this out and see what it means. It means that the 
goods are put into waggons which are much heavier thaa ia 
necessary for them. Increase the size of the gauge and* yen 
m\ist still more increase the weight of the waggons adapted 
to it. Diminish the size of the gauge and you can diminisli 
the size of the waggons, diminishing, therefore, the dispro- 
portion between the goods to be carried and the capacity of 
the train to carry them. 



What can be done on a railway of extremely narnrr 
y gauge is worth noting. The little Welsh railway which we 
have already spoken of — that from Festiniog to Portmadoc— 
has a gauge of no more than two feet. It has curves whioh 
have been aescribed as being as sharp as the sweep of Oxford 
Circus ; it has gradients of I in 80 : it has tunnels, one of 60 
yards and another of 730 in length ; and the inclimation of the 
whole line with its curves is such that in one direction the 
train goes down the steep by mere force of gravity. Such is 
the railway which has paid it^ proprietors at the rate of 30/. 
per cent, on the original capital, or 12^ per cent, on the total 
sum invested in it. Now, originally, this railway was worked 
by horses. Engineers and locomotive builders were afraid of 
the steam engine as applied to so narrow a gauge, on so steep 
an incline, varied by such rapid curves. Ten yeais ago the 
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foremost engineers declared on Parliamentary committees 
that locomotive power could not safely or usefully be ' applied 
to sach a iiae. And when at length the engineer of the line, 
Mr. Spooner, determined to test this opinion and to try the 
eflfect of a locomotive upon, it he could iSnd no locomotive build- 
er but one who would guarantee the satisfactory performance 
of locomotives upon the line. That one was Mr. George 
England, of the Hatcham Ironworks. His locomotires began 
to work on the Festiniog line in 1863. They did so with per- 
fect success and without accident of any kind ; but in course 
of time it came to pass that the requirements of the traffic 
called for still stronger engines, and then it became necessary 
to resort to Mr. Fairlie's system of the double bogie. Ac- 
cordingly, two very powerful locomotives of his construction, 
one called the Little Giant, the other the Little Wonder, 
have been placed on the line, and by their extraordinary per- 
formance add to the wonders of what is itself the most won- 
derful railway in the kingdom. These results are notable, not 
as meaning that railways of too-foot gauge are the sort of 
railways which it should be our aim to construct, but as show- 
ing that even on such a gauge, with all its disadvantages of 
curvature aud gradient — disadvantages which the leading en- 
gineers ten years ago declared to be insuperable — the double 
bogie engiue has been found to triumph. In view of such an 
achievement, we think we have made out a case for inquiry, 
and may say that if Bogie is a name of terror in legendary 
lore it ought to be a name of good cheer in railway annuls. 
All hail to Bogie. 
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THE 1UILWA¥ PROBLEM. 

NOTICE No. S.— Times of 2l8t October, 1869. 



We commend the papers we have been publishing on 
" the Railway Problem" to the attention of all who desire to 
reconcile the public cry for increased railway accommodation 
with the shareholders' cry for increased divi- dends. The 
public demands reduced fares. It calls on Directors to let 
millionaries or Sybarites go to Inverness for a shilling first- 
class, and to let the Stoics who cherish a positive hatred of 
spring cushions go far sixpence. It wants more trains a 
day, more branch lines. It will put up with no jolting 
round curves, no collisions, no stoppages in dark tun- 
nels. On the other hand come the shareholders with 
their claim to larger dividends, and murmurs against the 
number of half-empty trains and insolvent parasite branches. 
The public craves for more for its money than it gets at pre- 
sent, and the Companies retort that it gets even now more 
than it pays for. The existing stato of things being granted 
to be the only possible state of things, the Companies are 
right in asserting the public to be unreasonable. Investors 
in Railway Stock receive rather less than more than the fair 
return for their investments. There is no margin of profits 
out of which additional public accomodation can be carved. 
But a doubt has for some time been maturing whether the 
same profits might not be made at a less outlay, and the pub- 
lic take the benefit of the difference. Orthodox railway engi- 
neers stoutly affirm the negative. Fares cannot under pre- 
sent circumstances be diminished, because it costs so much 
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to carry the traflBc along the road. It costs so much because 
so much fuel is required to set the engine in motion, because 
the line is occupied by any given train for so long a time, and 
because the rails are worn out in so short a time by a given 
number of trains. Engineering improvements have had no 
tendency to curtail this rate of expenditure, but rather the 
reverse. Lines are obliged to carry more traffic, and at a 
higher average speed ; but they do it at a proportionate, or 
more than proportionate, cost in the wear and tear of mate- 
rial. When a line is required to accommodate an increased 
amount of traffic the ordinary expedient has been, and is, for 
the engine-builder to augment the motive power, and thereby 
the bulk and weight of his locomotives, and for the engineer 
of the Railway to augment the resisting power of his perma- 
nent way. The competition has been happily compared to 
the contest between cannon and armour-plates ; but, as in 
that contest, so in this, whatever st6el rails a Company can 
lay down its engine-builder succeeds in battering to pieces. 

If this must be so, there is an end to the hope of any 
substantial reduction of fares — apart, of course, from such as 
may be made possible by less ambition and litigiousness on 
the part of Directors. The travelling community ought to 
*'rest and be thankful" that it journeys so cheaply. But cer- 
tain particulars in the outlay at present needed to provide 
for railway traffic are so startling that it calls for considerable 
credulity to believe reform impracticable. In the first place, 
it is proved on indubitable testimony that, even in goods 
trains, of the total load dragged along, the goods themselves 
are only 30 per cent., the remaining 70 per cent, of the 
weight being dead weight. But in passenger trains, for every 
passenger that the engine has to draw it has to draw a weight 
of two tons or two tons and a quarter. That is to say, in 
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passenger trains only 5 per cent, of the load, according to the 
most favourable computation, pays. The remaining 95 per 
cent, travels free, being the wood and iron work of the carri- 
age in which the fare sits. In an omnibus, on the contrary, 
the non-paying load, the vehicle and horses, weighs only as 
much as the paying load, the passengers. Under existinp^ 
conditions, it is, perhaps, necessary that there should be this 
disproportion on Kailways between the paying and non-pay- 
ing loads. With the velocity of steam, carriages, weighing 
no more than their occupants would be impossible things to 
travel in. But it does not follow that the conditions which 
necessitate all this dead weight cannot themselves be changed. 
Any such change must produce an equivalent economy in the 
conveyance, and an opportunity for reducing the fare of the 
passenger, who now has to frank that huge proportion of dead 
Weight. Every additional ton to be drawn by the engine re- 
quires so much additional motive power and fuel. It requires 
to have either so many additional engines put in motion^ or 
engines of so much additional bulk and power of consuming 
fuel. But, in fact, the latter is the only possible remedy for 
the relief of a line from the goods traffic, which is always ac- 
cumulating and threatening to block it. More goods trains 
are of no use where every mile of road is already parcelled 
out for every five minutes of the day among so many passen- 
ger trains. Heavier trains, with more powerful looomo* 
tives, are the sole specific to save goods trains from stagna- 
ting and congealing in unexpected quarters, and becoming 
anvils for a mail express to beat out the lives of excursionists 
upon. More powerful engines, however, as at present con- 
structed, devour more rapidly rails as well as fuel. The en- 
gineer of a Railway Company's permanent way louks upon 
them as his natural enemies. He speaks of these Cyclopean 
monsters as if they took a positive delight in stumbling over 
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his finest steel rails in order the quicker to hammer them out 
and crush them to pieces. This ruinous waste, too, like that 
involved in ponderous carriages, is, under existing conditions, 
a necessity. The force of locomotives has to be enlarged be- 
cause the exigencies of a line compel the clearing off of as 
great a weight of goods as possible in a single train But the 
more powerful an engine, according to the present principals 
of construction, the more will it ''tremble" or *' flounder,*' 
and the more, as it rocks from side to side, '^ bending the rail 
into a crook " like a dog's tail," will it crush and grind it. 
But, as we said about the proportion of non-paying to paying 
wei^t, so we must repeat about this terrible source of loss to a 
Company from the ferocity of its locomotives. The damage 
item their oscillation is on som3 lines enough to necessitate a 
renewal of the rails every six months. They themselves 
suffer correspondingly. So long as this wear of material goes 
on the profit of the traffic is reduced to a minimum. But it 
does not follow that the oscillation which is its condition and 
apparent cause should not be itself reduced. 

Thus, two main conditions of the smallness of railway 
profits are the excessive disproportion of the part of the 
load which pays for being carried to the part which is 
carried without paying, and the wear and tear of raile and 
engines. Only 5 per cent, of the weijght in passenger trains 
and 30 per cent, in goods trains pays, and the blows from the 
oscillation of an engine going at 30 miles an hour are com- 
puted to be '' 60 per cent, added ' to the weight *^ upon the 
wheels." Whatever enables the same weight of passengers 
and goods to be conveyed at a less expenditure of locomotive 
force economizes in the same proportion fuel, rails, and engi- 
nes. Mr, Faihlib*s " bogie" carriages and locomotives ap- 
pear to accomplish this end. A carriage under the present 
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system, in consequence of its rigid wheel base, cannot exceed 
a certain length, and must be heavy in order to resist concus- 
sion. On account of this rigidity in the wheel base of the 
several carriages the train has a difficulty in passing round 
sharp curves, which must be therefore avoided by means of 
expensive cuttings, tunnels, or viaducts. Mr. Fairlib, instead 
of a carriage supported on one rigid wheel base, and therefore 
limited in length and flexibility, constructs a combined carri- 
age and engine 43 feet long, in its compartments and cognate 
arrangements like an ordinary train, but which rests on two 
four-wheel '* bogies," one at either end. These " bogies" are 
small trucks, each of which, unlike the present railway rigid 
wheel base, works independently, like the front wheels of an 
ordinary four-wheeled carriage. Consequently the engineer 
has not to consider the exigencies of the carriage above, but 
only of the trucks beneath. The carriage, measuring nearly 
the length of an entire train under the present system, has 
the same power of passing round the sharpest curves which a 
carriage a fifth part of the length would possess. The same 
principle applied to the engine, which in Mr. Pairlik s work- 
ing 43-feet model shares one of the two " bogies" with the 
end of the carriage, makes it possible to construct locomotives 
adopted for the bulkiest goods traffic without increasing the 
weight. The difficulty of increasing power without increas- 
ing the pressure — which is what, falling on a single point, 
destroys rails — is met by lengthening the locomotive, and this 
is made possible by means of " bogie" wheels, which distri- 
bute the weight equally throughout the whole mass. 

Mr. Fairlib claims for his application of this " bogie" 
principle to ordinary pasbenger and goods trains that a ton of 
passengers will by it make no more than four tons of train 
load, and that there will be an equivalent gain in the goods 
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ia one train a far greater weight than at present, and at a far 
less injury from friction to the rolling stock and the perma- 
nent way. He claims, even, that it will open the way to dis- 
pensing with the costly engineering processes of providing an 
absolutely smooth, level, and straight course for trains, since 
his trains, as supple and flexible as each separate wheel sys- 
tem underneath them, aud yet as steady and uniform in mo- 
tion as one solid mass, will be able to double the most abrupt 
curves and surmount the steepest gradients. If this be not 
enough, let us add that by one train being enabled to do the 
work of two the road is to be cleared, the risk of accident di- 
minished, and the cost as well of compensation for life and 
limb as of a third line of rails to be saved the Company. If 
the application accomplish on ordinary Railways — and there 
seems no reason why it should not — what it is reported to 
perform in Mr. Fairlie^s cabbage-garden, good days are com- 
ing for railway shareholders and passengers alike. Even 
branch lines may become a profitable investment at last. It 
has been calculated that one penny a mile saved on all the 
miles of train run in the United Kingdom in the course of a 
year would give an additional 61 8,000Z. to distribute among 
the ordinary shareholders, Mr. Fairlie's system, on a com- 
putation far more modest than Mr. Fairlib's own, ought to 
produce a saving of Is. 6d. a mile. We are afraid to excite 
uuduly shareholders' hopes by reckoning for them what such 
» saving means. 



40 



CHAPTER II. 



THE MLWAYS OF THE FUTURE 

NOTICE No. 1. 

THe TIIHES, FEBRUARY 18, 187^. 



Many persons in England are apt to suppose that we 
have come to the end. of railway extension. The country is 
so well furnished with railways, and their financial results are 
so disappointing, that people are naturally loth to cotemplate 
any further experiments on the established system. We are 
most grateful to the shareholders who have heea so good as 
to supply us with these admirable roads, which have gone far 
to change the character of our civilization ; but there are not 
many of us who care to follow their example, and we cannot 
be surprised if they should themselves be unwilling to conti- 
nue the sacrifice of their fortunes for our benefit. Still those 
who are acquainted with the demand for railways in foreign 
lands, in our colouies, and even in many parts of our own 
country, must be aware that we are speaking literally when 
we say that railways are as yet but in their infancy. There 
is an enormous demand for them in India, for instance ; and 
yet every man of common sense must admit that, judging by 
all English examples, it is perfect madness to construct them 
on the received system, which means ruinous expenditure and 
dead loss. So thoroughly is the need of a great revolution in 
railway construction perceived that some months ago we had 
to make the startling announcement that the Governor^ 
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General of India, dissatisfied with the slow progress and ex* 
ressive cost of railways in his dominion, had actually sent to 
t lie United States for engineers who might confer with him 
as to the introduction of a more effectual and economical 
system— as if this were beyond the capacity of Engilish engi- 
neers ; and we propose now to give some account of further 
most important investigations tending to the same result as 
that so earnestly desired by Lord Mayo, whose conclusions, 
it may be mentioned in passing, coincided substantially with 
those forme 1 independently by the Duke of Argyll at home. 

It may be well to begin by reminding our renders that 
in October last (the 19th and 20th) we gave a pretty full ac- 
count of what is known as the Fairlie system of railway 
working — a system by which lines of the lightest construction 
and very narrow gauge may accomplish work hitherto deemed 
within the means only of lines of ponderous construction and 
broad guage, and by which also the established lines of stand- 
ard gauge may either partly diminish expenses, or, without 
additional cost, well nigh double their carrying capacity. The 
characteristics of the system will appear in the sequel ; for 
the present we proceed to state that Mr. Power, the vice- 
chairman of the Foti and Tiflis B/ailway Company ( a railway 
of 800 versts in the Caucasus), and Mr. Crawley, the contrac- 
tor for its coitstruction, were so struck with the merits of 
the Fairlie system, that they strongly recommended its adop- 
tion to the Russian Government, not only for the lino pre- 
pared in the Caucasus, but also for all lines throughout that 
vast empire, where railways are of prime necessity, and where 
now, according to the new plan, five miles can be provided at 
3 cost which was swallowed up in three miles, according to 
the old one. The recommendation carried the greater weight, 
inasmuch as the works of the Poti and Tiflis Railway were 
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far adranoed, and on a length of 15 versts the rails are ac- 
tually laid down. The proposition, therefore, was that the 
Russian Goremment would find their advantage, even oii 
these conditions, of changing the plans on which so much 
work had been expended, taking up the rails which have been 
laid down, and constructing the line on a gauge of 2fb. 6in., 
or exactly half the standard Russian gauge. The Minister 
for Public Works, Count Bobrinskoy, seized upon the idea. 
Mr. Fairlie went to St. Petersburg to explain his scheme in 
detail ; and the result of all is tliat an Imperial Commission 
has been sent over to this country to inspect the actual work- 
ing of the system in various places, but chiefly on a wonder- 
ful little railway of two-foot gauge in Wales. 

The Chief of the Conmiission is Count Alexis Bobrin- 
skoy, cousin to the Minister of Public Works. He is accom- 
panied by a considerable staff of engineers, feremcst among 
whom may be mentioned Professor Sa!off, of the Russian 
Imperial Institute ; and Mr. Roehrberg, the manager of the 
most successful railway in Russia ; and by personal friends^ 
as Count Zamoyski and Count Alexander Berg, who take an 
interest in the question of railways. At the same time Mr. 
Fairlie offered to the Inaian Government the opportunity of 
witnessing the experiments to bo instituted for the Russian 
Commissioners ; and they, being themselves anxious for the 
means of improving and economizing their own railway sys- 
tem, at once resolved to take advantage of the - offer. They 
appointed a Commission, consisting of Lieutenaut-General • 
Sir William Baker, R. E., and a member of the Council of 
India ; Mr. Thornton, Secretary of the Public Works Depart- 
ment in the India-office ; and Mr. Danvers, Government Di- 
rector of Indian Railway Companies, to accompany the party. 
Captain Tyler also, the Government Inspector of Railways, 
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Trho has already reported favourably on the Festiniog IlaiU 
way of two-foot gauge, attended on behalf of the Board of 
Trade, and Mr. Pihl, Chief Engineer of £a.ilways in Norway, 
was present on the part of the Norwegian Government. Be-* 
sides these gentlemen, who went to witness the trials official- 
ly, others took an interest in the various proceedings in a pri- 
vate capacity ; chief among them being the Duke of Suther- 
land and Count Bdla Szdchenyi, son of the Hungarian patriot 
of that name, who was well known in England some 30 years 
ago. The Duke took an especial interest in the inquiry, as 
he is not only a director of the North- Western Railway Com- 
pany, but is himself the proprietor of a considerable length of 
railway on his Sutherlandshire estates. 

The party thus constituted started off on Thursday morn- 
ing last in a special train of saloon carriages, and halting at 
Crewe to view the magnificent works of the North- Western 
Railway— the largest in Europe, with the exception of those 
at Creuzot, in France — proceeded by Shrewsbury into Wales. 
At Welshpool they entered upon the Cambrian Railway sys- 
tem, and, with the advantage of brilliant weather, were con- 
ducted by Mr. Elias through the very picturesque country, 
up hill and down dale and round curves of hill sides, by which 
the line passes to Fortmadoc. At Fortmadoc is the terminus 
of the line known as the Festiniog Railway, of two-foot gauge 
(really one foot 11^ inches), which was the principal subject 
of investigation. 

The Festiniog Railway, which is pronounced by no less 
an authority than Captain Tyler, the Inspector of Railways, 
to be the most instructive line in the three kingdoms, and 
which seems destined by its success to give a new impulse to 
railway engineering, is itself one of the oldest in existence. 
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The Act for it was obtained in 1832, but in the first instance 
it was constructed only for horse traction. It is a single line, 
1 3^ miles in length, with a branch of one mile connecting the 
slate quarries of Festiniog with the quays of Fortmadoc. The 
terminus at Pestiniog has 700 feet of eleration above that at 
Portmadoo, the average gradient being one in 92, which ia 
enough to secure the descent of the trains on the return jour- 
ney from Festiniog to Portmadoc by the impetus of gravita- 
tion — or, 9S the Welshman puts it, " by its own impittence.** 
The line runs through a rude, rocky country, and has to adapt 
itself to an endless variety of curves along the contour of the 
hills, so that a train of any length has frequently to wriggle 
in serpentine fashion along two or three reverse curves, some 
of them sharp enough — the radius being If chains. On these 
curves the cant or super-elevation of the outer rails is never 
more than three inches. The line, in the old days when it 
was worked by horses, was originally laid with rails of 1 61b. 
to the yard. When, about eight years ago, it was adpated to 
the locomotive, it was fitted with rails of 301b. to the yard, 
most of which have been in use ever since. These, however, 
were found too light for the work, and are now being replaced 
by double-headed rails of 48ilb. to the yard. The wheels of 
the carriages being less than 2 feet apart, it is found conve- 
nient to arrange most of those for passengers after the fashion 
of an Irish car, with footboard overhanging the wheels. In 
this way the carriages are so low hung, and even carriages of 
the ordinary build are so near the ground in consequent of 
the small diameter of the wheels, that the expense of plat- 
forms at the stations is avoided. The whole expense of con- 
structing and reconstructing the line, including tunnels, one 
of them 700 yards in length, with branch lines to the slate 
companies inclined plaubS and the quays at Portmadoc — in 
all 14 miles, has been 75,000^, or at the rate of 5,378/. a mile. 
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The Tolue of the rolling stock on the line is 28^000! , or at 
the rate of 2,00OZ. a mile. And now comes the most import- 
ant point of all;; which is that the original capital of the com- 
pani^ is 36^1 85Z., and that all the extra money which has been 
laid out upon the line has been taken from revenue. In this 
sense, therefore, as the net revenue of the company is 10,622Z., 
it appears that the line yields a dividend of 29^ per cent, on 
the original capital. A sum of 50,000i., however, paid out of 
revenue for improvements and reconstructions, has been capi- 
talixed — making the total capital 8f>, 18 5^ In this sence the 
Bet revenue of the line yields a dividend of 12^ per cent. 
Whichever way the fact* is to be stated, it is a most remarka- 
ble one^ and must fill many a share-holder's heart with envy. 

The chief cause of this wonderful result is the narrow- 
ness of the gauge, which has enabled the Eestiniog Company 
to economize in many ways. Thus, for example, the trucks 
for goods or minerals, even when fully loaded, have less of 
dead weight on a narrow than on a broad gauge. The best 
waggons on the standard gauge of 4tt. 8^in. are reckoned to 
weigh About 7cwt., and to carry 12^ cwt. of pig iron or coal 
for every foot of their length, the dead weight being in the 
proportion of 56 to 100 of the maximum paying load, or 36 
per cent, of the entire load. On the other hand, the waggon x 

for a three-feet gauge is calculated to weigh 2^cwt, and to 
cany 8cwt. for every foot of its length, the dead weight in 
this case being a very little over the proportion of 31 to 100 
of the maximum paying load, and under 24 per cent, of the 
entire load. But there is still another point of view from 
which it can be shown that the waggons for goods and mine- 
nls on a line of narrow gauge are not so disproportianate in 
weight to the weight carried as they are on the braod gauge. 
In goods traffic it is well known that the dead weight of train 
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i» enormous — something like 70 or 80 per cent, of tte totxtt 
weight hauled. If goods are to be delivered on a long line of 
railway> they are in this country arranged in many more wag- 
gons than are necessary to hold them^ because a goods wag- 
gon cannot^ like a passenger carriage^ unload itself, and the 
train cannot wait till the unloading at a particular station is 
finished. It has to pass on, leaving the waggon of goods for 
that station behind ; and it is more than probable that for 
this purpose the waggon has been but half or a quarter load- 
ed. This becomes serious when waggons that weigh several 
tons carry but a fraction, often a small fraction, of their own 
weight. Such a source of expense disappears to a large ex- 
tent on a narrow-gauge line, where the wag^gons are compa- 
ratively small, and it is but one example of the saving which 
may be effected in the working of such a line in addition ta 
ihe saving of cost of construction in the first instance. 

This remark would hold good of the narrow gauge in 
itself and worked according to the ordinary system ; but it is 
in the working of the Fairlie system that the greatest saving 
of all is effected, and it is mainly, indeed almost entirely, in 
consideration of the economy, the increased power, and the 
diminished wear and tear which this system implies that a 
much narrower gauge than that now in general use has begun, 
to find favour in the eyes of practical men. It was long be^ 
fore the Festiniog Railway Company could get an engineer- 
ing firm to undertake to build a locomotive for a line of nuch 
steep gradients, combined with sharp curves, which they could 
guarantee. At last Messrs. George England and Co. under- 
took the task, and supplied engines which worked with perfect 
success, and then people began to believe in a railway of nar- 
row gauge. One of Mr. Fairlie's engines has now been built 
for the line — it is called th Little Wonder, as the other 
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tngines which have preceded it have been called the Widish 
Ponj, the Little Giant, as well as by other diminutive names 
— ^and the result has so surpassed expectation in tbe power it 
exsrts, in. its gentleness of action, in its economy of fuel, in 
its saving of the rails, and in its adaptation to troublesome 
carves and gradients, that for the first time practical men 
have discovered that a gauge of 2ft. Gin •, or 3fb. at the very 
utmost, is enough for the heaviest traffic. It is no secret that 
two engineers of eminence, Mr. Fowler and Mr. Fairlie, have 
pronounced a 3ft. gauge to be ample for all the requirements 
of India^ and there were men of position in the party which 
Went down to Wales, men with characters to lose, who made 
what seems to us the hazardous statement that on a gauge of 
even 2ft. 6in. they would undertake, with the Fairlie engine, 
to work the heaviest traffic in the world — that of the London 
and North- Western Railway. Be that as it may, it must be 
strange for those who can remember the battle of the gauges 
to find tiiat what was then known as the narrow gauge is 
now in its turn attacked as being much too broad, and is even 
deocribed in the terms which have been applied to more than 
one scheme of the Brunels as a gigantic folly. Our 4ft. 8^in. 
gaiige is now established in so many countries — it is used not 
only in Great Britain, but also ia France, Belgium, Switzer* 
land, Italy, Austria, Prussia, Denmark, Egypt, the Cape of 
Good Hope> Australia, the United States, and Central Ame- 
rica— ^that we seem to think of it as a standard of perfection. 
In seme countries there will be found a still broader gauge — 
as in England itself, in Ireland^ in the United States, in Ca- 
nada, in Australia, in India, in South America, in Portugal 
in Spain, in Russia ; but in very few will a narrower gauge 
be found. In England we have 14 miles on a 2ft. gauge, and 
m few more on a sligthly broader guage ; in Belgium there is a 
dft. Sin. gauge ; in France, a 3ft. 4in. gauge ; in India may 
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be found a 4ft. gauge ; and in Norway and Sweden one of 3ft. 
6in. ; on the Mont Cenis Railway there is a 3ft. 7^in. gauge ; 
and in Queensland one of 3ft. 6in. ; and now we have opinion 
tending towards a gauge of 2ft. 6in.; or of 3ft., as the standi 
ard for the future. 

It is easy to determine on light railways of narrow gauge, 
and to construct them. The difficulty is to work them, and to 
work them in such a manner that their capacity and their 
economy shall bear comparison with railways of larger 
design and more elaborate construction. Hitherto railways 
of light canstruction and narrow gauge — that is, narrower 
that 4ft. 8^in. — ^have been in little favour, because of the li- 
mited power and destructive effects of the locomotive. Take 
for example, the oscillation. This is very destrictive on the 
standard gauge ; it is, indeed, the chief cause of destruction 
to the permanent way — a fearful item of expense. But it ia 
still wors9 on a narrow gauge, and necessitates dindnished 
speed on battered rails. Therefore, practically, a narrow 
gauge was but of limited application to ordinary traffic until 
a locomotive, such as that of Mr. Fairlie, could be invented, 
free, or nearly free, from oscillation. And again, since a 
narrow gauge generally implies lightness of construction, and 
since lightness of construction implies sometimes roughness 
of workmanship, and nearly always such an adaptation of the 
railway to the surface of the country that it must dispense to 
a great extent with cuttings, viaducts, and other works, and 
must be ready to accept to the fullest extent possible a line 
of sharp curves and heavy gradients, it was necessary to de- 
vise a locomotive for it capable of good and safe speed ou 
these conditions ; and there was none such of sufficient note 
in existence until the double bogie engine of Mr. Fairlie was 
produced, which combined great size and power with freedom 
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from oacillation and with a short wheel base that could be 
worked round curres of 60ft. radious and eren less. 

We must reserve for a day or two a full description of 
the performances of Mr. Fairlie*s engines in Wales, because 
it is desirable to give the results of all the experiments, with 
their success and their failure, together. The last of the ex- 
periments is made to-daj, and we shall state all when we know 
all ; but in the meantine we canndt be wrong in saying that 
there was an absolute unanimity of opinion among'all those who 
witnessed the working of that narrow gauge railway at Fes- 
tiniog tiiat the standard gauge of 4ft. 6^in. is far beyond all 
ordinary requirements. There may be some difference of 
opinion a& to the precise gauge which is best. Mr. Spooner, 
the engineer of the Festiniog Railway, strongly adrocated a 
gauge of 2ft. 6in., and he was supported in this view by prac- 
tical men of great experience ; others seemed to hold that a 
gauge of 8ft., giving greater freedom of space, would be best, 
but all appeared to be convinced that a gauge much narrower 
than that now in general use is capable of work which is at 
present little imagined in the railway world. If this view 
be correct, it involves some most important results. Thus, 
let us take an ordinary line costing 15,000/. a mile, and 
compare it with one of narrow gauge worked in the new sys- 
tem, with power of carrying equal paying loads, and costing, 
lui We have already indicated, three-fifths of the price of the 
other — namely, 9,000/. With a traffic return of 20/. every 
week for every mile, and deducting 50 per cent, for working 
expenses, the one railway would yield a dividend of about 3^ 
per cent., while the other would yield veiy nearly 6 per cent.; 
mid tiiis calculation makes no allowance for the^ more econo- 
mical working of the narrow gauge, which is one of the main 
iaatures of the system. If such a result be possible it implies 
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for public lines not a little encouragement to carry the rail wajr 
system into every nook and comer of the kingdom where 
a moderate traffic may be obtained ; and for Goyemment lines 
the reduction of tariff to the lowest point. 

There seemed to bo a unanimity of opinion also as to the 
success of Mr. Fairlie's engine adapted to the narrow gauge, 
and also on the broad gauge ; but it remains to be seen, from 
the reports which will be furnished to the various Oovem* 
ments, how far this unanimity extends. That the engine did 
some extraordinary work is clear, as we shall have to show in 
a future article ; but whether it is or is not to be recommend^ 
ed for adoption as a means of making the narrow gauge avails 
able to the utmost is a point on which we have no infer-' 
mation. 
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The object of the experitnents on the Welsh railiirays was 
to ascertain whether or not the Eairlie engine increased the 
carrying capacity of a railway or diminished the cost of work- 
ing it. With this view two engines were put on their trial — 
one, the Little Wonder, on the Eestiniog Railway, of 2ft. 
gauge, in North Wales ; the other, the Progress, on the ordi- 
nary gauge of 4*8^, in South Wales. 

The Fairlie engine consists of one long boiler, having 
ttro sets of tubes, with double firebox between, and poised on 
two bogies. The arrangement is such that an enormously in- 
creased power is gained, with an extraordinary facility of 
motement upon swift curves, and with a freedom from oscil- 
lation which makes the Pairlie engine less destructive to the 
rails than locamotives of much less weight and power. The 
iralue of the system depends chiefly on the two bogies. It may 
be necessary to explain for some readers that a bogie is simp-^ 
ly the name for a small truck. Instead of resting a waggon 
or a locomotive upon wheels of its own, which would make 
A long wheel-base that could not by any possibility get round 
irexy sharp curves, and that might get round moderate 
eiirv6% but only with an amount of flange-friction destruc- 
tive to the rails and retarding speed, the waggon or loco^ 
motive is poised on two independent trucks, which have a 
fthort whecd-base^ and which can, therefore, find little difiOlculi^ 




in curves of exceeding sharpness. In the small cabba^ 
garden at Hatcham, half an acre in extent, and laid out with 
rails of the ordinary gauge, Mr. Fairlie exhibits a steam carri- 
age of 43ft. in length travelling at a speed of- 25 miles an 
hour round curves of 50ft. radius ; and they could with equal 
ease, and even greater safety, travel round curves of 25ft. ra- 
dious, which is only about that of an ordinary engine turn- 
table. The engine, therefore, on a pair of bogies is prepared 
for a circuitious line of country, even on the standard gauge, 
which engines of th» current type could not attempt. 

The excellence of the bogie, however, does not merely 
consist in its adaptation to curves. It haa an extraordinary 
effect in reducing oscillation. An ordinary carriage rests di- 
rectly upon the ends of axles, and when, through any defect 
ill the road, there comes a disturbance in the plane of move- 
ment, the carriage, waggon, or locomotive rocks from side to 
side with immence violence in a series of oscillations that 
hammer the rails to their destruction. It is calculated 
these osciliations in a train going at the rate of 30 miles i 
hour add more than half as much again to the normal weig1|d 
upon the wheel ; and this is very serious in the wheels of j 
locomotive, each of which may be loaded up to seven or eig 
tons. The oscillation Is reduced to a minimum by means <j 
the bogie, inasmuch as (he vast superincumbent weight c 
of the locomotive is balanced on a pin, called the bogie-pii 
in its centre. The bogie is a fiat table upon wheels, with J 
great pivot in the middle of it. This table, and the whed 
which support it, must naturally submit to whatever defla 
tions there may be in the road, and so far it is impossible 
get rid entirely of oscillation ; but the great ma^s of weight 
above, being poised in the centre of the bogie, and upoi 
the centre of the roadway, is comparatively free from t 



influance of rocking, and transmits little or no hammering to 
the rails. A child can understand this hy watching at see- 
saw the difference between placing a weight in the middle of 
the plank and dividing it between the ends. Now it is an enorm-r 
cos advantage thus to steady the locomotive, to reduce the 
tendency to oscilliate, and to get rid of the violent impact up- 
on the rails. To steady the locomotive is to make its motion 
safer, and to diminish the chances of its leaving the rails — a 
point of considerable importance on the narrow gauge. The 
most important point of all, however, is to save the rails, 
whioh are so perishable under the demands of a heavy traffic 
that there are instances in which the strongest steel rails have 
to be repkced in six months. The rails where the Une has 
any curve are torn up by the flange-friction of monster en- 
gines with an immense wheel-base, and, whether the line is 
curred or straight, are hammered out by the oscillations of 
the same engines. We have already explained how, in the 
Fairlie engine, the flange*friction is reduced by the substitu- 
tion of bogies with a short wheel-base for the old plan which 
necessitates a long one ; and there is an absolute unanimity 
of opinion as to the disappearance of oscillation with the use 
of the double bogie. 

We have only one word more of preface before we pro- 
ceed to state what were the experiments with the Fairlie en- 
gine, both on the narrow and on the broad gauge. It is that 
the statements we are about to make do not rest solely on our 
authority. The various Commissioners and other observers 
met together under the presidency of the Duke of Sutherland, 
fiompared their notes point by point, and came to a perfect 
Hgreement as to the facts which they were prepared to vouch 
for. Our facts, therefore, have the authority of documents 
flgned by the Duke of Sutherland, as chairman of the 
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different meetings t^hich Were held ; by the Russiaft Imperial 
Commissioners ; by the Commissioners of our Indian Govern-' 
inent ; by Captain Tyler, of the Board of Trade, who acted as 
Secretary, and was mainly instrumental in putting the facta 
into proper form ; and by others who were well able to judge. 

The Little Wonder is an eight-wheeled double-bogie en- 
gine of four cylinders 8 3-1 6in. in diameter, with a stroke of 
13in. The diameter of its wheels is 2ft. 4in. ; its average 
steam pressure is 150lb. ; its weight is 19^ tons; its total 
length is 27ft. ; its tqjtal wheel-base is I9ft., and the wheel- 
base of each bogie, which practically has alone to be consider^ 
ed, is 5ft. This engine was first of all made to carry from 
Portmadoc to Festiniog a train made up of 90 slate- waggons, 
weighing 57^ tons ; 7 passenger carriages and vans, weighing' 
13^ tons ; and 57 passengers, weighing 4 tons — in all, 75 tons. 
Add to this its own weight, and we have a total load of 94^ 
tons. The weight, it will be seen, was considerable, if we 
take into account the size of the engine, the narrowness of 
the gauge, the steepness of the gradients, and the sharpness 
and multitude of the curves. But the chief point of interest 
in this experiment had reference to the length of the traih^ 
which was 854ft. — nearly the sixth part of a mile. A train 
of such a length on such a line had to run often upon two or 
three reverse curves, some of them with a radius as short as 
If chains, and it curled and doubled upon itself as it wound 
among the Welsh hills to that the passengers in the front 
carriages could sitting in their seats, make signals to the pass- 
engers in the hindmost ones. The engine, being in full gear, 
took this very long train up the hills and in and out among 
the curves at an average spq|d of 14 J miles an hour, and at 
a maximum speed of 26 J miles. Let us here add by w;ay of 
parenthesis, in ordei not to refer to it again, that some daya 
afterwards a similar train of 140 empty and seven loaded. 
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Wagons, weigliing in all 101 tons, and measuring in lefngth 
1,323ft. — that is, a quarter of a mile — a train so long, in fact, 
that there were parts of the road on which it had to run on 
no less than fivo reverse curves — Avas hy the same engine 
hauled up the hills at an average speed of 12-^ miles, and a 
maximum of IG^. Now, what was the result observed in 
wriggling along these curves ? It was generally observed 
(we now quote almost verbatim from tho protocol signed by 
the chief witnesses) that even on curves of If chains radius, 
and at maximum speed, there was very little perceptible os- 
cillation or movement on the engine or in the carriages, and 
by no means such as is felt on comparatively easy curves on 
ordinary railways. Nor must this remarkable point be for- 
gotten — a fact almost incredible, but yet certified by compe- 
tent witnesses — that the oscellation diminished as the speed in- 
creased. The ' speed, let it be added, is naturally less on a 
narrow gauge than on a broad one. Captain Tyler, the Gov- 
ernment Inspector of Railways, was at first so doubtful of the 
safety of a high speed on a railway of such narrow gauge and 
sluch wild curves as that at Festiniog that he insisted on li- 
miting the company to a maximum speed of 12 miles an hour. 
Since then, however, his doubts have been so completely dis- 
pf^rsed that he has removed all restriction as to the rate of 
speed ; and as a matter of fact the Little Wonder, when ne-' 
Oessary^ works up to 30 and 35 miles an hour. 

Next day tho oscillation of the Little Wonder was put 
to a further test, and compared with that of the other engines 
— the Welsh Pony and the Mountaineer — which are of the 
ordinary type. In this series of experiments the speed was 
confined to ten or 12 miles an hour on a comparatively level 
line^ the gradient being only 1 in 1,200 ; and the line was 
laid with rails weighing only 301b. to the yard, and not fished 
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ftt the joints. On the Welsh Pony and the Mountaineer, 
tank engines of the ordinary type, weighing, the one ten and 
the other eight tons, it was found that there was a strong 
vertical oscillation and a lateral oscillation not so strong. On 
the Little Wonder, the double-hogie engine weighing 19^ 
tons, it was found that when riding on the foot plates iher& 
was no oscillation whatever, vertical and or lateral, percepti- 
ble — only '' a smooth^ floating movement ;" and that when 
riding on the bogie frames there was felt a slight lateral oscU- 
lation, though less than on the other engines. It is added 
that the oscellation of the Fairlie engine being confined to the 
bogie, the influence of the impact on the rails from the flanges 
of the wheels was far less than in the case of the Welsh Pony 
and the Mountaineer, the whole weight of these engines be^ 
ing in the course of their oscillations brought to bear upon 
the rails. 

Kext followed son^e rather tedious but very interesting 
trials as to the comparative powers of the two classes of rai- 
gine. The Welsh Pony was selected to represent the common 
type of engine. It is a four wheeled locomotive, weighiag 
10 tons, with cylinders 8^in. diamer, having a stroke of 12m., 
and with wheels 2ft in diameter. It was in the first instance 
tacked on to a load of 50 slate waggons full of slate, weighing 
123^ tons. To this add 3^ tons for passengers and 10 tons 
for its own weight, and we get at the entire load of 137 tons. 
With this the Welsh Pony started from Portmadoc, and, ran- 
ning along the comparative level (I in 1,200) of the Traeth 
Mawr Embankment, stopped on a gradient of 1 in 85, unable 
to proceed further, with 1601b. to the square inch of steam 
piressure* Hereupon half the number of waggons was remov^ 
ed, and the load (including passengers and the engine itself) 
was consequently reduced to 72 tons 1 7cwt. With this load 
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it was found that the Welsh Pony could mount the gradient 
of 1 in 85 easily enough. Being successful with 25 waggons, 
the question arose could it manage more ? It was then tried 
with 30 waggons, but on the gradient of 1 in 85 it was found 
-that it could not start, though, since the engine-wheels did 
not revolve, there was no lack of adhesion. Then again the 
load was reduced to 26 waggons, weighing (with passengers 
and engine) 73 tons 16 cwt., and it was found that this was 
the limit of the Welsh Pony's power. It started with such a 
load on the gradient of 1 in 85, and carried it as far as was 
necessary at the rate of five miles an hour — the average pres- 
sure being 1501b. to the square inch. If the Welsh Pony 
fcould carry nearly 74 tons up such a gradient, and with this 
load also start on it, what could the Fairlie engine, the Little 
Wonder, do ? It was supposed that it ought to pull double. 
If the Welsh Pony could, on a gradient of 1 in 85, manage 
26 waggons full of slate, weighing with all else 74 tons, sure- 
ly the Little Wonder could manage 52. Mr. Fairlie said he 
was quite prepared for this ; he would stake the credit of his 
little engine on its power to carry such a load ; and to show 
tiiat he could be generous, he even added three waggons to 
the load ; he thouglit his engine could manage 55 waggons. 
However, as the Welsh Pony had first of all been tried with 
.an excessive load, it was but fair that the Little Wonder 
thould be similarly tried. A train was prepared of 72 loaded 
waggons of slate, weighing 138 tons 17 cwt., with empty ones 
weeing 43 tons 10 cwt. ; and when you add to this 56 pass- 
isigers, weighing 4 tons, and the weight of the engine itself, 
19^ tons, you have a total load of 206 tons. Wth this load 
the Little Wonder started from Portmadoc (steam pressure, 
I65lb.)i and passing along the level embankment, went up 
'ihe gradient of 1 in 85 with perfect ease, and to the astonish- 
iinent of all the visitors, who crowded round Mr. Fau'lie and 
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shook him heartily by the haDd on such a triumph. His ext-' 
gine was warranted to do double the work of ordinary engines, 
and on trial it was found equal to treble the work. But then 
arose the question — The Little Wonder has pulled such a 
load up the gradient of 1 in 85, having had a good start on 
the level embankment ; can it start with this load on the gra- 
dient itself ? It was, perhaps, scarcely fair to make the trial, 
inasmuch as the day was wearing late, and the engine-driver 
had, through a misapprehension, let the fire run low. StQl 
the trial was made, and with perfect success. There is thift 
further, however, to be added, that whereas the shorter trains 
were standing when they started, or attempted to start, partly 
on a curve of 4^ chains radius, partly on a straight line, the 
train of the Little Wonder being much longer (it was 648 
feet), stood partly on the curve of 4^ chains radius and partly 
on a reverse curve of a little wider sweep, which of course, 
means an increased resistance, and might be resolved into an 
increase of gradient. Also let us add here, to complete the 
statement, what really happened four or five days afterwards, 
that whereas these experiments last described were intended 
to test the extreme power of the engines, other experiments 
followed to show what the Little Wonder could do, not mere- 
ly in a short run, but in its ordinary daily work between 
Portmadoc and Festiniog. It took, for example, a train 407ft. 
long, and loaded to 141^ tons, from Portmadoc to Pestiniog, 
at a maximum speed of 15 miles an hour and an average one 
of 11^. The usual practical load, however, of the Little 
Wonder upon the average gradient of 1 in 92 is from 90 to 
loo tons (exclusive of engine), at from 12 to 15 mile» an hour. 
On a level it is calculated that its power is equal to the carri« 
age of 450 tons, at a speed of 14 miles an hour. 

After the experiments on the Pestiniog !Railway the ex- 
ploring party met together in councilj under the presidency 
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of the Duke of Sutherland, to hear Mr. Spouner read a paper 
on the wonderful little Hue of which he is the engineer, and 
to compare with each other their notes and impressions. Mr. 
Spooner gave ample information on every detail connected 
with his railway, which in the year ending June, 1869, had a 
mineral traffic of 118,132 tons, a goods traffic of 18,600 tons, 
and a passenger traffic of 97,000 persons, hut no night traffic 
and no Sunday trains. His paper will, no douht be publish- 
ed, and those who may he interested in the subject will find 
in it all the statistics of which we have given the cream. We 
only state here that he wound up his remarks by Haying that 
he does not recommend for light railways a gauge so narrow 
as 2ft. The gauge he recommends is one of 2ft. 6in. The 
lai^e amount of traffic which can be done with ease on lines 
of this limit is, he said, really surprising, and with the Fairlie 
engine it is quite equal to that which can be earned on a 4ft. 
S^in. gauge. Hereupon the discussion became general, but 
we can refer to only a few of the opinions which were ex- 
pressed. The Duke of Sutherland said he wished he had 
known more of the Festiniog Railway six years ago. " I have 
expended," said his Grace, " about 200,000Z. in promoting 
and making railways in the north. Had these lines been 
constructed on the narrow gauge, and had they in conse-^ 
.quence cost only two-thirds of the sum that has been expend- 
ed on them, I should have obtained a direct return on this 
large sum which I have laid out for the benefit of my estates 
and of the people in those remote districts. As it is, I shall 
suffer considerable loss. Then Mr. Crawley insisted in a vi- 
gorous argument on the perfect sufficiency of a 2ft. Gin. gauge, 
if worked on the Fairlie system, for the heaviest traffic, and 
on the folly, if this were sufficient, of adding another inch to 
the gauge. The argument may be sound as regards heavi-* 
of traffici but as other considerations besides the weight 
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to be carried have to be taken into account, as, for example, 
the comfort of passengers, and the bulk of goods, saj in a 
cotton country, it is natural that there should be some differ- 
ence of opinion as to the precise narrow gauge which is beat. 
It will be seen that Mr. Fowler and Mr. Fairlie have both 
recommended a 3ft. gauge for India ; and it is not at all unlike- 
ly that this gauge may ultimately be adopted in Russia. It is 
important that on this subject we should give the vierrs 
of Captain Tyler, whose scientific attainments, and whose 
large experience as the Government Inspector of Railways, 
gire a pecular value to his opinions. He stated in substance 
^t the meeting of Commissioners what will be fovnd more 
elaborated in his printed reports. Thus, in a paper which he 
read on April 1 1, 1865, before the Institute of Civil Engineers, 
he saTS : — 

" It is illejj;al at present to constnict any passenger lines in Qraai 
Britain on a narrower gauge than 4ft. 8j^in., or in Ireland than 5ft. Sin. 
The Act 9 and 10 Victoria, cap. 87, provides (section 1), ' that i^ter ^jbe 
passing of this Act it shall not be lawful (except as hereinafter excited 
[with reference to broad gauge railways]) to construct any nylwaj for 
the conveyance of passengers on any gauge other than 4fL SJij^ in 
Great IBiitain and 5ft. Sin. in Ireland ; and (section 6^, ' that if any rail- 
ways used for the conveyance of passengers shall be constructed or al- 
tered contrary to the provisions of this Act, the company authorized to 
construct the railway, or, in the case of any demise or lease of audi 
railway, the company for the time being having the control of the woxks 
of such railway, shall foifeit 101, for every mile of such railway whidi 
9hall be so unlawfully constructed or altered during every day ^hat jthe 
same shall continue so unlawfully constructed or altered ;" acd 8ectio;a 7 
gives power to the Commissioners of Woods, &c., or to the Board of 
Trade, to abate or remove such railways, so constructed or altered, con- 
'trary io the provisions of the Act It would therefore appear to be 
Tieceeaary, h^ore <50ii8tructing any railways for passengers on a less 
ffLjfjge than 4ft. S^ki., or before attempting to open for passenger tfirffic 
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any zaUw^ys so coDstructed subsequently to the year 1846 fin which the 
above Act was passed), to endeavour to obtain, if not its repeal, at least 
a modification of its provisions. That Act was passed after the Report 
of the gauge Commissioners, when there was a strong feeling against 
break of gauge, and when there was no immediate prospect of a third 
and narrower gauge being extensively required. But there is now an 
increasing demand for branch railways of a minor class. Many coal and 
mineral lines are in use on a narrower gauge than 4ft. 8}in., and others 
axe about to be constructed with ultimate views of passenger traffic. It 
"would therefore be an advantage if some smaller gauge were recognized ; 
for, however objectionable the existence of different gauges on import- 
ant through lines of communication may be, it is quite otherwise with 
respect to the use of a narrower gauge for feeding branches, in dis- 
tricts where a similar gauge to those main lines would not be commer- 
cially practicable. Passengers change carriages under any system at 
the junctions of less important branches, and it is considerably cheaper 
to transfer heavy goods from one railway truck to another, than to cart 
them for several miles, perhaps over different roads. The Festiniog 
Bailway, on which the original gauge has necessarily been maintained, 
in coDseqnence not only of its own works, but also of those of the tram- 
ways and quarry inclines running into it, is an extreme example, out- 
done only by the little engine which does the work of the shops at 
Crewe on a gauge of ISin. ; and the cost of that railway, under the pecu- 
liar dicumstances of its original construction and subsequent alter- 
ations, cannot be taken as a guide for the future. A gauge somewhat 
wider than 2ft. would probably be desirable on any line to be now con- 
stmcted, and it would hardly be worth while to desert the gauge of 4ft. 
8^in. in Great Britain for any gauge wider than 2ft. 6in. But whatever 
the exact gauge, whether 2ft. 6in. or 3ft, or any other dimension that 
might be considered most suitable for lines of minimurri traffic, there 
can be no question that a system of branch lines, costing two-thirds of 
the blanches now ordinarily constructed, and worked and maintained at 
tliree-foarths of the expense of those branches, would be of decided be- 
nefit to Great Britain and Ireland, and would be most valuable in India 
and in the colonies ; in fact, wherever there are people to travel, pro- 
duce to be transported, or resources to be developed, where it would not 
be commercially profitable to incur the expense, in the first instance, of 
a first-class railway." 
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On the same occasion he observed : — 

'' It is important to ascertain what would be a suitable gauge ill 
those instances where the traffic is not likely to be large. Farmers are 
now using portable railways for trausportiag the produce of their fields, 
For bringing in their harvests, spreading manure, &c., and there seems 
no reason why districts which could not support a railway on. the gauge 
of 4ft. 8^in. should be altogether deprived of the advantages of railway 
commimication. The question of gauge is in one sense a question of 
speed. Speaking roughly, on a railway of 2ft. gauge, with 2ft driving 
wheels, travelling might be made as safe at 20 miles per hour as on the 
Great Western, with its 7ft gauge and 7ft driving wheels at 70 miles 
per hour. I have travelled on parts of this little line at the rate of 80 
miles per hour with every feeling of safety." 

And again in a report on the Festiniog Railway, ad« 
dressed to the Board of Trade, he says : — 

'* The adoption of locomotive power upon this little line is very im- 
portant^ and haa evidently been a very successful experiment The 
cheapness with which such a line can be constructed, the quantity of 
work that can be economically performed upon it, and the safety with 
which the trains run over it, render it an example which will, un* 
doubtedly, be followed sooner or later in this country, in Indiai and in 
the coloLies, where it is desirable to form cheap lines for small 
traffic, or as a commencement in developing the resources of a new 
country." 

It should be noted particularly that the inquiries inati- 
tuted by the Russian and Indian Goyernments had reference 
not merely to the narrow gauge but chiefly to the narrow 
gauge as made available by the Fairlie engine. Having ex- 
amined into the working of the Fairlie engine on the narrow 
gauge they proceeded southwards to see the working ot another 
engine of the same type on the ordinary gauge, on the heavy 
gradients of the Mid-Wales Railway and of the Brecon and 
Merthyr line. The Progress was, we believe, the first built 
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of iCr. l^airlie'a engines^ and has several imperfections, beingi 
for instance, deficient in heating surface. But taking it as 
the first rough exemplar of the system, its performance is 
oertainlj remarkable. It is a double engine, with a four- 
wheeled bogie under each end, the cylinders 15in. in diame- 
ter, the stroke 22in., and the wheels (4ft. 6in. in diameter) 
are coupled together in both bogie frames, so that all the 
. wheels of the engine are driving wheels. The extreme wheel 
base is 22ft., but, what has alone to be considered in practice, 
the wheel-base of each bogie is only 5ft. The heating surface 
is on the fire-box 92ft., and in the tubes 1,901 ft., making a 
total of 1,992ft. The total weight of the engine when fully 
equipped is 54 tons, including If tons of coals and 2,000 gal- 
lons of water. Also, the engine is fitted with the Chatellier 
iteam break, which Mr. Fairlie was the first to introduce into 
this country, and its extreme length from buffer to bufier 
ia 82ft 

On the l4th of February the Progress left the Three 
Cocks Junction on the Mid- Wales Railway with 39 loaded 
waggonSi three break vans, and about 50 passengers and 
workmen^ making a total weight of 526 tons, including the 
engine. It measured 732ft. in length. The day was bitterly 
oold ; the hour was late ; Mr. Fairlie was anxious to hurry on ; 
and not waiting for the engine-driver, who knew the road, he 
mounted the engine himself, and set off with his load. The 
tesult proved that though he may be a first-rate engineer he 
is not a good engine-driver. A man may be a very good 
judge of horses and yet not a good jockey. An engine re- 
qones as careful management as a horse ; and Mr. Fairlie^ 
driving his own engine, made it go through its heaviest work ; 
hfoi when he came towards the end of the journey, and there 
Wii a trifle more to be done, it turned out that there was not 
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THE RAILWAY NEWS.— Marcli 12, 1870. 

*' THE RAILWAYS OF THE FUTURE/' 



Uuder the abore heading there appeared in the Times of 
February 1 8 and March 1 two very remarkable articles on 
this all important question — remarkable because of the Intel" 
ligible manner in which the subject, in itself a most complicate 
ed one even to those learned in the profession of engineering; 
has been simplified and laid before the world, so that all who 
read can understand. We are glad to see the leading journal 
giving so much prominence to a subject which has occupied 
much of our space. We have deemed it one of the most 
important questions of the day, and its proper solution wouldi 
we are certain, be hailed as the greatest boon to the country 
at large, and to the great body of shareholders in particular, 
whose special interests it has always been our aim to protect. 
We have carefully watched the progress made by Mr. Fairli^ 
with his system, and it is most gratifying to us to find th^tt 
all we have stated in favour of it has been more than bonx^ 
out by the results of the experiments which gave rise to th6 
articles in question ; the detailed account of these experi- 
ments, as made by the Commissioners under the presidency 
of the Duke of Sutherland, was published in our columns at 
the time. There were, however, two very material points in- 
the discussion which took place after the reading of Mr* 
Spooner's paper at Tanybwlch, on the working of this little 
railway, which the Times has omitted to notice, to which w^ 
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wish to draw attention. These were, first, the relative dead 
• Weights carrying a ton on the broad — i. «., 4ft. 8^in. — gauge 
; as it is, and on the 2ft. gauge — the narrow gauge is now be- 
\ coniing so popular that the hitherto narrow gauge — i. e. 4ft. 
; S^in. — must henceforth be called the broad gauge — and, 

secondly, the consumption of fuel in the Fairlie as compared 

with ordinary engines. 

We desire to call attention to these bebause of their im- 
portance to the general question, and because they are not 
properly known. The results now so highly farourable to 
the narrow gauge and the Pairlie engine might lose much of 
their value if they are brought at too high a price in dead 
weight in the former, and too large a consumption of fuel in 
the latter. It was thought just possible we might be paying 
too dear for our whistle, and this view of the case evidently 
occurred to several members of the Russian and Indian com- 
missions, who had so carefully watched every feature of the 
experiments^ in order to satisfy themselves of their genuine 
character. These questions were very satisfactorily replied 
to by Mr. Spooner, who stated, roughly speaking, that the 
proportions were 3^ tons paying weight to 1 ton of dead 
weight ; but in many case it was much more, as he often 
carried 8 tons of timber in two 12 cwt. trucks. With respect 
to the consumption of fuel in the Fairlie engine, Mr. Spooner 
alleged that there was saving of 25 per cent, over the ordina- 
ry engines for the same amount of work done. Mr. Crawley, 
contractor of the Poti and Tiflis and Mexican Railways, ask- 
ed if Mr. Spooner meant that, taking one of ' his ordinary en- 
gines singly, or coupling two together to do a given duty, 
that the consumption would be 25 per cent, less with the 
Eairlie engine doing the same duty. Eor instance, if the two 
couple engines used 200b8. of fuel to carry 100 tons a given 
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distance, would the Eairlie engine do the same work in eveiy 
respect with 1501b ? Mr. Spooner's reply was, " Certainly it 
would." And he further added that he had carefully inyesti* 
gated the matter during the eight months he had had th^ 
Fairlie engine at work. 

Now, what we desire to say is this — the results of the 
experiments made have been truly recorded, independent! 
of their being certified by the Duke of Sutherland and th^ 
Commissioners, and it is within our knowledge that they ar» 
correct. Then why should there be any more hesitation about 
adopting a system which has given such results ? Why on 
earth do we go on building expensive broad gauge lines, espe- 
cially in our colonies and India ? Are we to remain tied ia 
the hands of the few obstructives who say we won't move on ? 
Are those portions of our island which have no rail accom* 
modation to remain in that condition because we connot build 
railways that will pay, and because we may be told, as the 
Brighton Railway shareholders were, that we had better light 
our pipes with our bank-notes ? We think not ; the time has 
now arrived for ascertaining why this system of double-bogi^ 
engines is not adopted. 

If, as the Times says, they run infinitely smoother ths^xx 
other engines — the Commissioners call it a smooth floating 
movement — that they do not " murder the rails in their vio - 
lence," and, as Mr. Spooner says, there is a very large saving 
in fuel for the work done, with a great economy in wageis^^ 
why should we lose further time in their introduction ? If al-l 
that has been stated in favour of this double-bogie engine^ 
or part of all, or any, can be contradicted by those who are^ 
opposed to the principle, why don't they come forward audl^ 
do so ? 
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Mr. Fairlie states rery distinctly that he can produce 
^engines that shall weigh no more for wheel than the load 
now on an ordinary coal truck, but yet capable of hauling as 
many tons in a train as the most' powerful monsters which 
are now so heavy as to " murder the best steel rails" in a 
Teiy short time ; that these engines will work well on light 
and cheap lines with 4Clb. iron rails, the latter lasting twice 
ai long as the heaviest steel rails on the best-laid lines ; that 
he can make a 2ft. Gin. gauge line, work as many tons over 
it, and hi the same time, as the most capable 4ft. 8^in. gauge 
line now existing, with an enormous reduction in dead 
weight ; and, finally, that he can, with the assistance of the 
Kamsbottom water troughs, double the carrying capacity of 
the very best lines in the country. These are very plain and 
very distinct statements, which it is so easy to upset, if not 
true, that we wonder why those who are so opposed to the sys- 
tem do not at once come forward and expose the fallacy, if 
fallacy it is. Mr. Fairlie is no conjuror ; his engines are open 
to the inspection and criticism of all, consequently there can 
be no difficulty in clearing him away if he is wrong. We do 
not want such nonsense as was contained in Mr. Hamilton 
H. Fulton^s letter, which we could almost think was written 
at Mr. Pairlie's request, in order that the latter might have 
an opportunity of extinguishing the writer. There is no 
doubt an enormous amoimt of vis inertias to overcome in our 
railway managers in regard to anything that is new. While 
we cannot for a moment adopt Mr. Jones's plan of penny 
railway trips, we are still certain that cheaper fares and eco- 
nomy in working are what we must have, and if our present 
managers will not agree to this, they must be asked to make 
way ibr others who will move forward in this direction. 
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PART II 



FACTS AND STATISTICS 



EELATING TO 



THE PAIELIB EMINE 



AND 



LINES OF RAILWAY OF NARROW AND OTHER GAUGE 
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VARIOUS COUNTRIES- 
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REPORT 0^ VARIOUS TRIALS OF THE 

FAIRLIE ENGINE. 

February 1870- 



THE FOLLOWING NOBLEMEN, DIRECTORS, MANA- 
GERS, AND ENGINEERS OF RAILWAYS, WERE 
PRESENT AT THE EXPERIMENTS AT 
PORTMADOC AND BRECON. 



His Grace the Duke of Sutherland, accompanied by Count 

Szchemji, of Hungary. 

Representing Russia. 

Count Alexis Bobrinskoy, President of Imperial Russian Cora- 
mission. 

Count Zamoyski, accompanying Count Bobrinskoy. 

Professor Saloff, Russian Institute of Imperial Engineers, and 
Member of the Commission. 

M. Roehrberg Chief Engineer and Manager of the Nigree 
Moscow Ry &c, 

M. Sehuberski — Locomotive Superintendent of the Worsnesch 
Rostow Railway and Member of the Commission. 

M. Eislinski, — Russian Imperial Engineers, Inspector of Kar- 
chof Crementchay Railway. 

M. Sementechymojff, Imperial Russian Engineers Seratoff 
Railway. 

Representing the India Office. 

Lieut-General Sir WilUam Baker, R. E., K. C. B. 

BIr. W. T. Thornton, Corresponding Secretary, Public Works, 
Railway and Telegraph Department, India office. 

Mr, Juland Danvers — Government Director of Indian Rail- 
ways. 



Representing Board of Trade. 
Captain Tyler. 

RepHsenting France, 
M. Genty, President of the La Vendee Eailway. 
M. Duval, Enorineer of La Vendee, 

Representinij Sweden. 
M. Sandberg, Engineer to Swedish Government. 

Representing Norway. 
M-. Pihl, Chief Engineer, Norwegian Railway. 

Representing Switzerland. 
M. Carl Burckhardt, Engineer. 

Representing N. Germany. 
]\Ir. Mulvany, C. E. 



Mr. Livingston Thompson, Managing Director, Festiniog Rail 

way. 
Mr. Fleming (Star of India) of the firm of Smith Fleming am 

Co. Bombay. 
Mr. George Allen, C. E, 

Mr. Power, Vice Chairman, Poti and Tiflis Railway. 
Mr. James Samuel, C. E., Director of the Railway Workin: 

Association. 
Mr. Tolme, C. E., do. do. do. do. do. 
Mr. Cargill, C. E. 
Mr. Preston, C. E. 

Mr. Preston, Solr. London and North Western Railway. 
Mr. Elias, General Manager, Cambrian Rfiilway. 
Mr. Walker, Locomotive Superintendent, Cambrian Railway. 
Mr. Roberts. Kngineer Brecon and Merthyr Railway. 
Mr. Caulflehl, Engineer Neath and Brecon. 



THE FAIBLIE ENGINE OX A 1ft. IIIin GAUGE 

Commonly called 2 i-t. 



I 

ne Result of Erpermtids on the Fediniog Railioay on February Wtk 

and I2fh 1870. 

February Wtlu — Started Irom Portraadoc with the 

" Little Wonder'' or Fairlie En- 
gine and, 



90 Slate Wagons 
7 Passenger Carriages 
and Van 
67 Passengers 


Tons. Cwt. 

57 10 

13 10 
4 


qrs. 







Engine 


75 
19 lo 








94 10 






The total wheel base is 



the total length over all 
27 feet. 



Engine double bogie 8 AT cylinders^ 

^ '" *** 19 feet the wheel base of 
Wheels 2 4 diameter ^^ach bogie is 5 feet and 

Pressure of steam average tb 150... ^^ — '' "^ " 

Steepest gradient 1 in 74 
Sharpest carves Ij chains 

On sharpest curves and steepest gradients with Enfjine in 
full gear, average speed 14| miles exclusive of time lost in 
stopping and starting. Length of train 854 feet. 

Generally observed that even on curves of 1| chains radius 
and at maximum speed that there was very little perceptible 



oscillation or movement on the Engine, or in the carriages and 
by no means such as is usually felt, even on comparatively easy 
curves on ordinary Railways and less at high speed than at low 
speed. The super elevation of the outer rail on the sharpest 
curves was 3 inches. 

February \2th, — Experiments with ''Little Wonder" 19^ tons. 

'^ Welsh Pony" 10 tons. 

" Mountaineer" 8 tons, 
to test steadiness of running on Frath Mawr Embankment. 

On the " Welsh Pony'' and " Mountaineer'* strong vertical 
oscillation with less lateral oscillation. 

On the '^ Little Wonder'* when riding on the foot plates no 
perceptible vertical or lateral oscillation but a smooth floating 
movement when riding on the bogie frames, slight lateral oscil- 
lation, but less than on the other Engines. 

The oscillation of the '' Fairlie Engine'' being confined to 
the bogie the influence of impact on the rails from the flanges of 
the wheel was far less than in the case of the '^ Pony'' or 
" Mountaineer", the whole weight of these Engines being 
brought to bear in the course of their oscillations upon the rails. 

In all the above cases the speed was confined to 10 or 12 
miles an hour on a straight line on a gradient of 1 in 1,200 
and the line was laid with rails weighing only 30lbs. to the 
yard not fishad at the joints. 

The " Welsh Pony" Engine weighing 10 tons with 
cylinders 81' diameter x 12in. stroke and with wheels 2' 
diameter took .50 wagons loaded with slate from Portmadoc 
to the Engine-house, and stopped on a gradient of 1 in 85 



QTMible to proceed ftirther with 1 601b?- to the square inch of 
{>Fessure« 

Tons. Cwts. qrs. 

Weight of 50 wagons loaded ...123 10 
Passengers 3 10 



£ugi]ie .« 



127 
10 










137 








Toms. 


CwU. 


qia. 



The " Welsh Pony"' then took 25 

wagons weighing 59 7 2 

Passengers 3 10 



Engine 



« •«• .«• .«■• .•-« 



62 
10 


17 2 



72 


17 2 



and mounted one in 85 with 140 lbs. pressure of steam in 
starting and 130 lbs. after running about ^ of a mile when 
ahe was stopped to return. 

The same Engine then tried with 30 wagons, could not 
atitft OB a gradient of 1 in 85 but the engine-wheels did not 
revolve, there was therefore no want of adhesion. The load 
been reduced to 

Tons. Cwts. qrs. 

26 wagons weighing 62 6 

Passengers 1 10 

63 16 
Engine 10 

73 16 
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with an average pressure of 150 lbs. to thc^ square inch the 
*^ Pony" took them up 1 in 85 for a ^ of a mile at 5 miles 
an hour till she was purposely slopped. 

The '^ Little Wonder" left Portmadoc the same afternoon 
with 72 loaded wagons weighing 



Tons. Cwts. qrs. 

Slate trucks 188 17 2 

Empty wagons 48 13 

Passengers 4 



186 10 2 
Engine 19 10 



206 2 



started with 1 65 lbs. of steam pressure and ran to tlie engine- 
fa ouse, and up the above gradient of 1 in 85 and was purposely 
stopped with steam at 125 lbs. and a low fire, through the 
misapprehension of the engine-driver she was then backed 
down to the locality from which the " Pony" had started with 
2C) wagons and the fire having been made up and steam raised 
to 170 lbs she started freely occasionally slipping attained to a 
speed of 5 miles an hour with the 72 wagons and after 
running about :^ of a mile she was increasing sp^ed on a gradi- 
ent of 1 in 100 when she was purposely stopped with st«am 
pressure of 170 lbs. to the inch. 

In the above experiments the shorter trains were standing 
wh<^n they were started or attempted to start partly on a curve 
of 4i chains, and in the last experiment with the " Little 
Wonder" the train having been longer, it stood partly on a 



irve of 4^ chains radius and partly on a reverse curve of 8 
lains radius The length of this train was 648 feet. 

The weather was fine with a strong cold wind blowing 
rainst the Trains, and the rails were in a remarkably good 
ate for adhesion. 

The Slate Waggons had no springs, the diameter of their 
heels was 1*6 and that of the Journals was 2\'. 

(Signed) SUTHEKLAND. 

COUNT ALEXIS BOBKINSKOY. 
W. E. BAKER. 
W. J. THORNTON. 
H. W. TYLER. 
JULAND DANVERS. 



THE FAIRLIB ENGINE ON THE 4pt. 8|in. GUAGE 



Experiments on the 14#A and 15th February 1870, with 
^' The Progress*'* Locomotive Emjine. 



" The Progress" is a double bogie Engine with a four 
wheeled bogie under each end. The Cylinders are 15 inches 
in diameter by a stroke of 22 inches. The wheels are 4' 6' in 
diameter and] are coupled together in both bogie frimes so that 
all the wheels of the Engine are driving. The wheel base is 22 
feet. The grate area is 194 ^^^^ '^^^ heating surface is, in the 
fire box, 52 feet and in the tubes 1901 feet raakinor a total of 
1993 leet The diameter of the boiler is 4' 2' and the tubes 
are 388 in number and 2'' in diameter, outside measurement. The 
total length of the boiler is 24 feet from tube-plate to tube- 
plate of the two smoke-boxes respectively. The length of the 
tubes is 9' 10\ The total weight in working order when the 
Engine is fully equipped is 54 tons, including 1 ton 15 ewt. of 
coal and 2,000 gallons of water. The Engrine is fitted with 
the Steam brake of M. Le Chatellier and with an ordinary brake 
applied to all the wheels. The extreme length from buffer to 
buffer is 32'. 



On the 14th February "The Progress" left the Three 
Cocks Junction of the Mid Wales Railway with 39 loaded wag- 
ons and 3 brake-vans and about 50 passengers and workmen 
making a total weight exclusive of Engine 472 tons 6 ewt. 
2 qrs. It measured 710 feet in length without the Engine. 
It started from the " Three Cocks" at 36 p. M. with 130 lbs. 
of steam as indicated by a Bourdon's gauge. She proceeded 



fineely from a gradient of 1 in 2215. She passed two rising 
gradiaits of 1 in 75 the latter 29 chains loDg and with the 
aboYe pressure, but she slipped twice on a third gradient of 
I in 75, 34 chains long and on reverse curves. After passing 
that gradient without difficulty and a gradient 1 in 162, she 
came to a stand within bO yards of the summit of a gradient 
of 1 in 90, 21 chains long. The steam pressure was then 
120 lbs. to the square inch. The water having fallen too near 
the bottom of the gauge-glass, Mr. Fairlie who was driving 
the £ngine and was unacquainted with the gradients, applied 
both injectors about 30 chains from the point where the Engine 
pulled up at 3*35 p. ic The total distauce run was 6| miles in 
29 minutes. 

There was a strong wind blowing across the train with 
hoar frost and the rails were in excellent condition. The axle 
boxes of the wagons had been greased in the ordinary way. 
The Engine was unable to start the train after it stopped, 
though the pressure had been increased to 150 lbs. 



On the 15th February the *^ Progress" left the ^' Three 
Coeks" at lOh. 47m. 30s. with 140 lbs. of pressure and with a 
load of 40 wagons and two vans and about 30 passengers. The 
train was 720 feet long and weighed exclusive of the Engine 
476 toes- 
She proceeded freely to the water- tit nk 3 miles from the 
** Three Cocks'' and stopped there at llh. Om. 30s. with 
115 lbs. of pressure. But the tank having been partly frozen 
so additional water could be obtained by the trough. She 
ataited again at lib. 6m. 30s. with 125 lbs. pressure and went 
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straight forward to Builth, passing Erwood 7 miles from tfier 
** Three Cocks'' at 11-27. She reached Builth, 14 miles from 
*^ Three Cocks'' at llh. 50m. 30s. She did not slip between 
^' Three Cocks" and Builth. She passed the point at which she 
had stopped on the previous day at 8 miles an hour and with 
a pressure of 1 40 lbs. to the inch. The Engine on this day 
was driven by Edward Williams undt^r the supervision of Mr. 
Greenhow the Locomotive Superintendent of the Mid Wiiles* 
Railway. 

(Signed) SUTHERLAND. 

COUNT ALEXIS BOBRINSKOY. 

J. ZAMOYSKI. 

W. J. THORNTON. 

H. W. TYLER. 

JULAND DANVERS. 



On the 15th February, the "Progress" left Tall-y-Uyn at 
2h. 15ni. 308. with 13 loaded wagons and 2 brakevans weigh- 
ing altogether 15 1 tons 17 cwt. qrs. and with a steam pres- 
sure of 125 lbs. After running for 3 miles for the most part 
on a descending gradient of 1 in 40 she was brought to a stand 
at Talybont station, where her tanks were filled. She started from 
Talybontat 3h. 13m. with a pressure of 140 lbs. and ascended a 
gradient of 1 in 35 for half a mile. She then mounted a gradient 
of 1 in 38 for 6f miles and passed the summit of that gradient 
at 4h. 16ra. l5s. with 120 lbs. of pressure. She passed through 
the tunnel 660 yards long on a rising gradient of 1 in 68 in 
2m. 15s. and was stopped at the Torpantau Station at 4h. 18m. 
30s. the pressure continuing the same. This portion of the line 
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contained curves of varying radius on the rising gradient of 1 
in 38 the train having sometimes been passing over reverse 
curves. 

The water gauge burst at 4^ miles from Talybont and the 
engine-driver Edward Roberts (who was acting under the 
superintendence of William Barker) was without any means of 
ascertaining the state of the water in the boiler inasmuch as 
there were no steam-cocks on the boiler. The Enijine did not 
slip at all on the 15th. The weather was fine and dry as on the 
l4th but with more sunshine and rather less wind. 



Agreed 
ment 



(Signed) SUTHERLAND. 

COUNT ALEXrS BOBRINSKOY, 
J. ZAMOYSKI. 
W. J. THORNTON. 
H. W. TYLER. 
JUL AND DAN VERS. 
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SECOND SERIES OF EXPERIMENTS WITH THE 
FAIliLIE ENGINE ON THE 1 Foot IIJin. GAUGE. 



Tlie result of an experiment on the Festiniog Railway on the 16(A 
February 1870 with the " Little Wonder^^ (Fair lie Engine.) 



Length of Engine 27 feet. 

Weight of Engins in steam ... 19^ tons. 
Diameter of cylinder 8 ,5 inches. 

Length of stroke 13 inches. 

Two four wheel bogies 

Diameter of wheels 2' 4' 

Wheels couple3^ in each bogie. 

Wheel base of each bogie 5 feet. 

Total wheel base 19 feet. 

Description of Load. 

Tons. Cwt. qrs. 

22 Wagons of coal 64 18 

21 Wagons of slates 49 3 1 

2 Bogie timber trucks (carrying ) 

timber) in length 42 feet ) 

Passengers weight 112 

2 Empty trucks between timber bogies 14 1 

1 Workmens carriage 12 

Engine 19 10 

Total 141 7 2 



Length of train with Engine 407 feet. 
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The whole distance to be run over frora Portmadoc to 
Dinas 13^ miles having a total rise from sea level of 703 feet 
with maximum gradient of 1 in 74 and average gradient of 1 in 
92 for 12^ miles. The Traethmaar Embankment near Port- 
madoc of 1 mile in length being practically level. The maxi- 
mum carves 1^ chains. 

Average curves being 6, 7 and 8 chains. The whole of the 
Line being composed of a succession of curves with the excep- 
tion of the before named Embankment and three or four other 
short portions. 

The Train started from Portmadoc at 5-41 p.m. At Penrhyn 
Station 5o8 without stopping there. 

Arrived at Hafod Llyn Station at 6-18 where it stopped 
S| minutes. 

Started at 6-26| amved at Dduallt Station (Watering 
place) at 6-40, stopped 15 minutes on account of water being 
frozen the Tank could not be filled in the usual time. 

The Train reached the long Tunnel at 7-2 p. m. through 
which it passed in 2ra. 10s. (length of Tunnel 730 yards). 
Ban up to Tanygresion Station at which it arrived at 7-9 passed 
it slowly without stopping, arriving at Dinas at 7-15 having 
made the entire journey in Ih. 34ra. including stoppages or 
tsxelusive of stoppages Ih. lO^m. 

Maximum speed 15 miles an hour. 

Average speed 11|; do. 

The Engine during the journey from Portmadoc to Hafod 
Myn never slipped. 
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On starting from Hafod Llyn Station a slight slipping 
occurred (the train being on a curve of 4 chains with an incli- 
nation of 1 in 1 1 1 ) the rails being wet and greasy. 

Slight slipping on starting from the watering place at 
Duallt. 

The Engine slipped three times in passing through the 
tunnel, the rails being wet throughout. 

Considerable slipping took place at the junction of Branch 
Line, this place being always wet and greasy owing to the slate 
trains waiting for the down passenger train. 

The pressure of steam ranged from 160 to 180 lbs. at 
which latter pressure the train started, the pressure being on one 
occasion only 145 lbs. for a quarter of a mile average pressure 
175 lbs. 

The entire journey was ran throughout by the Engine in 
*^ two- thirds gear." 

There was a head wind during the whole of the Journey 
such being very strong in some parts of the Line against the 
Train. 

(Signed) LIVINGSTON THOMPSON. 

C. E. SPOONER 

COUNT ALEXIS BOBRINSKOY. 
T. ROEHRBERG. 
PROFESSOR SALOFF. 
R. VANDESEN. 
J. SEMENTSCaiNOFFE. 
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THIED SERIES OF EXPERIMENTS WITH THE 
FAIRLIE ENGINE ON THE I-II4 QUAOE UNDER 
THE SUPERINTENDENCE OF THE PliKSIDENT 
AND ENGINEKR OF THE LA VENDEE RAIL- 
WAY OF FRANCE. 



Started from Portmadoc with a train of 140 empty slate 
wagons and 7 loaded coal wagons gross load loO tons 16 cwt. 
2 qra. length of train 1323 feet and proceeded to Dinas the 
upper end of the Festiniog Railway. The raaxiinnm speed was 
16^ miles the average 12|^ miles. 

On the return journey the speed attained was SO miles an 
hour over many portions of the road, the average speed being 
25 miles an hour. 



Extract from Engineering Dated 22nd April 1870. 
The Fairlie svstem in Russia. The Commission of Russian 
Engineers who lately visited England for the purpose of seeing 
Mr. Fairlie^s narrow gauge railway plant, and the Festiniog 
Railway where ; his Engines are at work, have according to the 
** Iron and Coal Trades Review'' reported strongly in favor of 
the system. They recommended it to be adopted for a portion 
of the railway between St. Petersburg and Moscow, and estimate 
the cost of construction at about £4,500 per mile. 



Extract from the Engineer Datni 21st January 1870. 

A double bobie eight wheeled 24 ton Fairlie Engine, built 
Ibr the Naqo and Oscarsham Railway in Sweden ; was tried on 
Monday on the Ring Railway of the Fairlie Engine and Steam 
Ganiige Company at Hatcham, in the presence of the Duke of 
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Sutherland, and about forty gentlemen, and practical Engineers. 
The Engine was run round the curvt s of 60ft. radies, at the 
fipeed of twenty miles an hour, with the same ease as the 
passenger vSteam Carriage, the remarkable performance of which 
we noted in July last year. 



THE FESTINIOG KAILWAT. 

NOTICE No. I. 

(The Engineer, Sept. 24, 1869 J 

We have during the last five or six years invariably, if 
not continually, advocated the extended adoption of what has 
come to be known as the "light system" of railway traffic. 
Our views on this subject have been persistently disputed by 
writers who we believe lacked any practical experience in the 
working of railways of less gauge than 4ft. 8^in. ; but, on 
the other hand, it is worth bearing in mind that not a few of the 
most eminent engineers of the day have admitted that opinions 
similar to those we have expressed were perfectly correct ; 
while a still more numerous body, conceding that the narrow 
gauge — a feature in the light system — was right in theory, 
reserved their judgment until some practical results in its favout 
had been obtained. We do not propose here to re-open tH^ 
entire question, nor shall we do more than allude to the fa<^^ 
that an essential portion of the light system consists in worki^^' 
4ft. 8|in. gauges with combined steam carriages. For t^ 
present we shall confine ourselves to the consideration of fc J^ 
merits of narrow gauge lines for local and branch traffic, ai^ 
in doing so we believe we shall be able to place before ot^ 
readers certain facts which may tend to mf»dify the opinions 
even our most persistent opponents. 
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Before proceeding further, it will be as well to put on re- 
cord here, in the most compact form possible, the arguments 
urged for and against narrow gauge railways. In favour of 
fiarrow gau^re railways, we state that their cost of construction 
is very small as compared with that of ordinary lines ; that the 
expenses for maintenance are very moderate ; that the propor- 
tion which the dead weight moved bears to the whole load ra- 
pidly diminishes with the width of gauge ; that a high rate of 
epeed may be maintained with safety on narrow gauge lines ; 
that very sharp curves may be traversed with safety when the 
rails are close together, which could not be traversed at speed 
at all if the rails were more widely spaced ; that narrow gauge 
ean be used with safety and success for the carriage of passen- 
gers ; and, lastly, that narrow gauge lines can be constructed 
and made to pay in districts and under circumstances which 
preclude all hope of a dividend from railways of ordinary di- 
mensions. Our opponents urge, on the other side, that it costs 
as much per mile, within a mere trifle, to make a railway of 2ft, 
or 2ft. 6in. gauge as to make one of 4ft. 8^in. ; that speeds 
greater than ten or twelve miles an hour are inadmissible on 
very narrow roads ; that it is just as dangerous to traverse very 
sharp curves on the narrow as on the broad gauge ; that no sav- 
ing whatever can be effected in the cost of conveying a ton of 
goods or passengers a mile ; that narrow gauge roads are behind 
the age, and, finally, that wherever there is room for a railway 
at all it should be made full size. This is, we think, a fair ex- 
position of the arguments for and against narrow gauges. It is 
indisputable that of late a very strong feeling in favour of cheap 
railways has sprung into existence in the minds of men of high 
position and great influence. The accuracy of the principles we 
have indicated, and the recognition of which in practice we 
have advocated, is beginning to be recognised. Popular feel- 
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ing tends to turn etongly to our side, and under the circum- 
stances we make no apology for placing before our readers, at 
considerable length, particulars of the construction and working 
of the narrowest railway, carrying passengers, in the world, con- 
vinced as we are that such facts as we shall adduce possess an 
enormous importance for those who would develope the resources 
of the country by providing better and more complete means 
of intercommunication. This narrowest railway is that which 
unites Port Madoc, in North Wales, with Festiniog and its slate 
quarries. Within the last week we have gone over this line 
four times, and thanks to the courtesy of Mr. C. E. Spooner, 
C.E., the engineer of the line — which was constructed by Mr. 
Spooner's father — we were supplied with every possible facility 
for making ourselves acquainted with the construction of the 
line, and of the engines, &c., working it. As to the mode of 
working, and the results obtained in working, we were placed 
in a position to obtain the fullest information which could be 
obtained. Most of our readers have, no doubt, heard of the 
Festiniog Railway, and believe, or more properly think, up to 
this moment that it is nothing more than a horse tramroad on 
which a couple of rough little colliery locomotives have been 
put to work. We beg them at once to disabuse themselves of 
this notion, which has no foundation in fact. TheFestiniog 
Railway is a miniature line, the working arrangements of which 
are modelled on those of other lines in the kingdom. The 
signals, the stations, the engines, the carriages, and the rolling 
stock generally, are equally in finish, and perhaps superior in 
efficiency, to that of any railway in the kingdom ; while the 
permanent way, now being rapidly relaid by Mr. Spooner, is in 
finish, quality, and system of construction, equal to that of any 
line in the world in its way. 

On the 11th of April, 1865, Captain Tyler (Government 
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Inspector) read a paper before tlie Institution of Civil Engi- 
neers, entitled " On the Festiniog Railway for Passengers; on 
a 2ft. g^Qge, with sharp curves, worked by locomotive engines." 
To this paper we are endebted for some particulars of the first 
life of the line. Captain Tyler described what he saw in 1865, 
Vut the enei^ of Mr. Spooner and his directors has wrought 
many great changes in the last four years, and even Captain 
Tyler would find a second visit to the Festiniog Railway fully 
repay him for the trouble of going to it — a tedious journey 
«noa^ it must be admitted. 

The Festiniog — or, to spell it Welsh fashion, the Ffestiniog — 
Bailway was constructed about the year 1832 as a horse tram- 
road. It commences at the quay of Port Madoc, crosses an 
cmbaiikmcnt made by a gentleman, who ruined himself by the 
tmdertakitig, to reclaim a large waste of slob land from the sea, 
«imI nms for thirteen miles through a country the wild magni- 
fieenoe of the scenery in which can scarcely be equalled even in 
Wales, to the hamlet of Dinas — pronounced Deenks — in the dis- 
trict of Festiniog. Here it branches out into four or five lines, 
which asc^id by gradients varying from one in five to one in 
three-qaarters, to the slate quarries in the Festiniog Mountains. 
It 18 almost needles to say that these branches are worked nei- 
ther hy en]2fines nor horses ; they are self-acting inclines, on 
which the full slate wagons running down hand up the empties 
by means of a wire rope and drum. Of these inclines, and the 
foany system of Festiniog in general, we shall have a good 
dMl to say at another time. The trains are made up at the foot 
«f these iDclines, and collected at Dinas to be conducted by loeo- 
ttotivea to Port Madoc. The line is on an ascending gradient 
the whole way — there is not so much as one yard of level. Tlie 
menge rise is t in 92 for twelve and a-half miUs. The steepest 
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gradient over which passengers are carried is 1 in 79-82 ; but 
some portions of the collecting lines at Dinas are worked by 
locomotives over a gradient of I in 60. The Traeth Mavvr em- 
bankment, before referred to, about, 900 yards long, is nearly 
level, rising slightly towards Dinas. It is not practicable, by 
any possible kind of writing, to give an accurate idea of the 
nature of the country traversed. The line follows the Vale of 
Festiniog, being scarped out of the mountain side. Ravines, 
have been bridged over or crossed by what are known as breust- 
wall works. In not a few places it is possible, standing on the 
engine, to kick a shoe down a sheer depth of lOOfc. ; in others, 
ravines are crossed by embank^nents of dry stone not more 
than 10ft. wide at the top and at least 60ft. high. If we were 
asked to draw a plan of the line from memory we should simple 
repeat the letter S many times. A modarately long train may 
be on three curves at once. The sharpest curve, nearly a half 
circle, is l| chains radius, and the others vary from 2|, 2^ 3|;, 
to 5 chains, &c. The line has recently been modified, as far as 
practicable, by Mr. Spooner, all the curves having been rendered 
parabolic, which system, although it renders them sharer in 
the middle, makes the entrance excessively easy. The fact that 
although the line has been worked by locomotives for six years, 
no train or engine has ever been off except twice, when the 
points were left open by the negligence of a signalman, and 
when no injury whatever was done to either rolling stock or 
passengers, is admirable testimony to the success with which 
the parabolic system has been adopted. There is one tunnel 
sixty yards long, and another 730 yards long ; the first cut 
through shale, and the latter through syenite rock. These tun- 
nels are so small that they barely permit the engines to pass 
through. A tall man standing on the foot-plate must crouch 
that his head may clear the roof, and woe to him if he allows 
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a hand or a foot to hang out beyond the width of the engine, 
which clears the tunnel by about 4in. only at each side. The 
permanent way is partly old, partly new. The renewal is rapid- 
ly being carried out by Mr. Spooner. The old portion consists 
of single-headed rails, without any bottom flange — T" this 
section — weighing 30 lb. to the yard. They are in length of 
18ft. to 21ft., laid in 10 lb. chairs spiked to cross sleepers. The 
Bew rails weigh about 48| lb. per yard, are 24ft. long, and are 
fished at the joints by a very ingenious fish-plate, which we 
shall illustrate in another impression. The joint chairs are 
carried on a square sleeper frame. The whole arrangement is 
very clever, reflects much credit on Mr. Spooner, and leaves 
the rail as strong at the joint as anywhere else. 

Hie rolling stock has been considerably modified since 
Captain Tyler wrote his paper. In the third-class carriages 
the passengers are still car ied back to back, but the first and 
•econd-class resemble ordinary carriages in every particular. 
One first-class carriage which we measured may be taken as 
typical of the rest It was fitted with four seats, each seat 
hcdding three passengers. The height in the centre is 5ft. 
The length of ths body is 9ft. 6in. The length of each com- 
partment is 4ft. 6in., and the height from the floor to the seats 
is 1ft. 2in., to which the cushion must be added. The breadth 
ovor all is 6ft. Sin. The wheels are 1ft. 6in. in diameter, fitted 
vith volnte springs. The axle-boxes are got at through doors 
in the seats, and can be easily oiled and examined. The weight 
ef the carriage complete is 30 cwt. only ; the buffers are central. 
The date wagons are of two kinds, one " small,'' weighing 
1$ cwt , and holding about two tons of slates; the other " large,'' 
we^hing 17 cwt., and holding three tons of slate. They have 
open work angle iron sides and boarded bottoms. The follow* 
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ing are the dimensions of one which we measured : — Length, 
6ft.; width, 2ft. llin., depth, 1ft. 6in.; wheels, 1ft. 6in. diameter 
fast on the axles ; wheel base 3ft. 2in. long. Wagons are also 
used for the conveyance of goods, ballast, casks, &c. The follow- 
ing are the dimensions of one from actual measurement : — Length, 
7ft. 6in. ; height, 2ft. llin. ; width, 2ft. llin., all inside body; 
height from rail, 5ft. ; wheels, four, loose on axle, 1ft. 6in. dia- 
meter ; wheel base, 3ft. Sin. There are also powder wagons, 
arched top coflfers of ^in. iron plate, 6ft. long, 3ft. wide, and 
3ft. 6in. high. Brake vans, timber trucks, and covered goods 
wagons, all resembling in miniature those found on ordinary 
lines ; and besides these, a set of cars for the quarry men, and 
a machine known on the line as " the boat," which looks like a 
slice oflf the bows of a wherry, mounted on four high wheels. 
There is a tradition that this was used by a lady holding pro- 
perty on the line to come down the incline to Port Madoo. 

At the time Captain Tyler wrote there were only four en- 
gines on the line, there are now eight. The first four were 
built by Mr. George England, of the Hatcham Ironworks, New 
Cross. They weigh full 7^ tons. They have four coupled 
wheels, 2ft. only in diameter. The cylinders are outside the 
frame. Subsequently two other engines were built by Mr. 
England, weighing 10 tons full, with 2ft. wheels and Sin. 
cylinders, I3in. stroke. The working pressure is 1601b., but 
200lb. have been carried. Messrs. Manning and Wardle supplied 
a seventh engine, used altogether on a branch at the Festiniog 
end. Within the last few weeks an eighth engioe has been 
added, ** The Little Wonder." It was also built at Hatcham. 
It is a double bogie engine, designed by Mr. Fairlie. The 
boiler is of steel, with a mid-feather across the fire box. The 
following are the particulars of the " Little Wonder" : Diameter 
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of cylinders, 8 Jin. ; length of stroke, I3in. ; diameter of wheels, 
2ft. 4in, ; diameter of boiler, 2ft- 6in. ; length of barrels, 7ft. 6in. ; 
length of fire box, 6 ft. ; width of fire box, 3ft.; height of fire 
box, 4ft. 6in.; length of copper fire box, 5ft.; width of copper 
fire box, 2ft. 6in. ; height of copper fire box, 3ft. 6in. ; grate 
area, 11 square feet; heating surface, 60 square feet; heating 
surface of tubes, 670 square feet ; total heating surface, 730 
square feet; number of tubes, 218 ; diameter outside, l^in.; 
length, 7ft. lOin. ; capacity of tanks, 90 gallons ; coal bunkers, 
15 cwt. The working pressure is 1601b* The length of the 
engiiie over all is 27ft., and its weight, in working order, is 
twenty tons, carried on eight wheels; so it will be seen that 
Mr. Spooner is getting on. After carefully testing this engine, 
we eame to the conclusion that whatever may be said by its 
opponents, of the Fairlie system for main line traffic, it is exact- 
ly the thing for narrow gauge work. In order to ascertain 
exactly what its performance is, we went over the line twice 
on the *^ Little Wonder," and twice on one of the old 10-ton 
engines, the " Little Giant," with results which we shall now 
proceed to give. 

At a little after 1 p. m. on Saturday last, the *^ Little 
Wonder" left Port Madoc for Festiniog in such a storm of wind 
and rain as we do not care to encounter again. She had be- 
hind her a train consisting of — 
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Ill Slate wagons 
6 Carriages ... 
60 Passengers ... 
12 Gkxxis wagons 



Add the engine ... ... ... 

133 16 348 
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Thus we have a total load of 133 tons 16 cwt., and a total 
length of train, 348 yards. This train the engine took with 
much ease up to Halfodllyn, a distance of seven and a* quarter 
miles, over the worst part of the road. Not far from Halfodllyn 
the long tunnel already referred to commences, and after con- 
sultation it was determined to take off some of the slate wagons, 
as it was feared the engine would get stalled in the tunnel by 
slipping ; and as no one can get off the engine or get out of a 
carriage, the tunnel is a pecidiarly nasty place in which to stick 
even for a minute. All the wagons might have been left on, 
however, as the engine rushed through with the sbghtly dimin- 
ished load in one minute and five seconds, or at the rate of 
twenty-three miles per hour nearly. The return journey com- 
menced about three-quarters of an hour after the experimental 
train arrived at Dinas. Only a few slate wagons were on in 
addition to the passenger train; over the new portion of the 
road a speed of over twenty-five miles an hour was attained 
with ease, and on one occasion a velocity of about thirty-five 
miles an hour was reacht^, the bogie engine swinging round 
the curves with graceful ease and a total absence of strain or 
jerk. We did not take the time spent in running to Halfodllyn, 
but from Halfodllyn to the bieginning of the embankment, a 
distance of a little over six and a-quarter miles the time was as 
follows :— Started from Halfodllyn at 4.6 p. m., stopped at 
Penrhyn at 4.20, started again 4.24* Stopped to take tickets 
at end of embankment at 4.30. Total running time 19 minutes, 
equivalent to 1974 miles per hour. It is worth while to con- 
sider heie the nature of the work done by the engine when 
running at twenty miles an hour. During each minute the 
train pai^se(] over a distance of 1760ft. and, as the wheels were 
2ft. 6in. in diameter, they made 240 revolutions per minute, a 
velocity increased during many portions of the run to as much 
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360 revolutions per minute; but even at this tremendous 
«peed— corresponding to a velocity of about ninety miles an 
hoar for a 7ft. wheel — the engine ran with an almost total ab- 
fience of osciUation, nor did the bearings heat in the slightest 
degree. A speed of ninety miles per hour has never yet been 
attained on any railway, and up to the present moment it fol- 
lows that the narrow gauge has beaten the ordinary gauge in 
its relative power of transporting passengers at high velocities. 
If or ifi it to be assumed that thirty-five miles an hour is a limit 
which cannot be exceeded. It is to be borne in mind that the 
Festiniog engines are really goods engines in relation to the 
road on which they run. The " Little Giant," with 2ft. wheels, 
work8 under just the same relative conditions as a 4ft. 8^in. 
engine, with 4ft. 8^in. wheels. No one expects an express 
speed from such engines ; but there is no good reason why the 
Festiniog line should not be worked with 3ft wheels, that is to 
aay, a gauge and ahalf high — a proportion adopted in many of 
the best engines of the day, which have driving wheels 7ft. lin. 
in diameter. 

In the face of the facts we have placed before our readers, 
it must be admitted that high velocities are not inadmissible on 
the narrow gauge. Why they should not be, and many other 
points connected with the Festiniog line, we must reserve for 
another article. 



KOTICE No. II. 
The Engineer, 1st October 1869. 

We have stated that in order the better to master the de- 
tails of the working of the Festiniog and Port Madoc Railway 
we traversed it from end to end four times, twice on Mr. Fair- 
lie's engine the " Little Wonder," and twice on one of the old 
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pattern engines, the ^' Little Giant." The results of the first 
two trips we gave in our last impression ; we have now to 
place before our readers those of the other two. 

We left Port Madoc shortly after eight a. m. on the morn- 
ing of Monday the 20th instant, and reached Festiniog, or more 
properly Dinas, in about an hour and a-half, including, of course 
several stoppages on the way. The train consisted of forty-one 
slate trucks, empty, five passenger carriages and a brake van, 
one bending machine,* and the "boat" before referred to. 
The weight of the whole, including thirty passengers, was fifty- 
one tons, or with the engine sixty-one tons. Steam was main- 
tained with much ease at 160 lb. in the boiler. The manner 
in which the little engine with its 2ft. wheels, crept, caterpillar- 
like, up the steep road was remarkable enough to unaccustom- 
ed eyes. The first two or three miles proved pretty clearly, 
liowever, how great a step in advance, how much real progress, 
Mr. Spooner had made when he put the double bogie on his 
line. The " Little Giant" shoulders her work in a very curious 
fashion. She gets over the road not steadily, as she should do, 
but by a series of eflforts rapidly repeated. As each cylinder 
alternately drives the engine by the pressure on the forward 
cylinder lid, that side advances before the other by a distance 
perceptible enough to any one on the foot-plate at slow speeds, 
the head of the engine sidling across the rails, while at high 
s{)eeds there is all the lateral oscillation that at one time earned 
for certain engines the title of '' boxers." From the great 
length of overhang at the fire-box end, again, the engine jumps 
most unpleasantly, although the Uttle tender, carrying coal 
only is coupled up as tightly as possible to the foot-plate. Over 



♦ This is a very inf^eniona machine of Mr. Spooner's invention, which we shall describe fully when 
the patents arc completed. 
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the old portions of the road a speed of eight or nine miles an 
hour is the greatest at which it is possible to run without in- 
curring the risk of breaking the springs, or loosening the driv- 
er's teeth. In the double engine, as a matter of course, nothing 
of this kind is felt owing to the length of wheel base ; nor is 
there any shouldering or lateral oscillation due to the action of 
the steam on the cylinder covers, because, in the first place, 
the mere length of the machine tends to act as a corrective, 
and, in the second, because the two engines never beat together, 
except by accident for a few seconds. As will be seen, the 
load taken up by the Little Giant was less than one-half that 
taken by the double bogie engine. It must not be under- 
stood that fifty-one tons is the maximum load for the 
lighter engine, as many as eighty tons having been taken 
on a pinch ; but it was certainly quite as many as slie 
could keep stenm for comfortably at ten or twelve miles 
an hour. The double bogie engine is probably not more 
heavily loaded with 130 tons than the Little Giant is with six- 
ty tons ; and when the former has come to her bearings and 
worn herself smooth she will probably be quite up to loads of 
140 tons, including her own weight. The question is here 
purely one of keeping steam, and this again depends not a little 
on the relative efficiency with which the steam is worked in 
the cylinder. The Little Wonder has a considerable advantage 
in the greater height of wheel, which reduces the waste per 
mile due to clearance and port space. It did not fail to strike 
OS that the ordinary engines are underpowered, as far as econo- 
my is concerned, for loads of fifty tons. It is impossible to 
expand steam in their cylinders to any appreciable extent ; the 
noise of the exhaust, indeed, resembles revolver firing more 
than anything else. With a more powerful engine and more 
cylinder room, coal could not only be burned more econmically 
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but the steam used to more advantage. The strain on the en- 
gine would be reduced, the back-pressure diminished, the fire 
less cut up, and, in a word, coal bills generally kept down. Of 
course if the loads to be hauled had remained very moderate, 
the single engines would have answered every purpose. They 
were designed to haul about thirty-five tons at ten miles an 
hour, but loads have not remained moderate. On the contrary, 
as we shall show presently, they have augmented, and are aug- 
menting daily. It is very easy to build engines which will suit 
a narrow gauge line^ so long as the loads are kept to narrow 
gauge proportions ; but when we find loads approximating to 
those carried on the 4ft. 8|in. gauge thrown upon the 2ft. gauge 
the problem does not admit of such easy solution. Now it is 
pretty good work for an ordinary locomotive to take fourteen 
carriages weighing, filled, about 120 tons, up a gradient thir- 
teen miles long, rising at the rate of one in ninety-eight, and 
abounding in curves of from four to five chains radius, at 
thirty miles an hour. Yet the " Little Wonder" actually did 
this duty, the speed being reduced somewhat in the relative 
proportions of the gauges, this reduction of speed being, of 
course, a natural consequence of the reduced weight of the en- 
gine. A locomotive weighing twenty tons with coal and water, 
and having less than 700ft. of heating surface, cannot be ex- 
pected to do as much work as an engine with 1,100ft. of surface 
and weighing over thirty tons without coal and water. With 
the 2ft. gauge especially, and on lines curved anything like the 
Festiniog Railway, the only solution of the problem lies in the 
adoption of four cylinders, for the very same reasons as those 
which led to the adoption of four-cylinder engines on the 
Chemin de fer du Nord, and some other lines conveying goods 
and minerals in trains too heavy, in one sense, for the gauge. 
In the selection of the proper class of locomotive for any line 
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will Ke one great element of economical working ; but the se- 
lection of the right kind of rolling stock for lines like that un- 
der consideration is a matter of the most vital importance. We 
ahall probably astonish many of our readers when we tell them 
that the consumption of fuel up to the present time has amount* 
ed to a little over 50 lb. per train mile, or about double that 
of an ordinary well-proportioned passenger engine. This [ fiict 
may appear at first sight to tell heavily against the whole sys- 
tem ; but a little examination will show that the 50 lb. a mile 
is subject to many and important deductions. In the first 
place, it includes the entire consumption of fuel standing as 
well as running. Each engine is under steam about fourteen 
hours a day. The actual running time out of this is about 
three hours only ; during the remainder the engines are either 
ahimting in the yard, standing under steam, or making the re- 
tiini journey down the incline, during which the fire has of 
eourse to be kept, up, and generally speaking the blower on. 
The true working consumption it is obviously very difficult to 
get at. As nearly as we could ascertain 3 cwt. of coal will 
take ttie " Little Giant" up to Dinas with fifty tons behind her, 
and down again to Port Madoc, which is equivalent to about 
23 Ih. per mile going up. This is too much, however, and ad- 
mits beyond doubt of considerable reduction, first by improv- 
ing the permanent way, and secondly by augmenting cylinder 
apace by using four instead of two cylinders, and so giving the 
driv^ a chance to work his engine somewhere but in nearly 
fiill gear. The coal, too, is nothing like so good as that used 
^n first-class lines — a matter which deserves consideration when 
we OMte to compare the relative efficiency in fiiel of several 
different engines. Considerable advantage, too, would beyond 
^peabon result from an augmentation in the diameter of the 
driving wheels. They should under no circumstances be less 
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than 2ft. 6in. high ; 2ft. 9in. would perhaps be better, the 
tractive force being kept up by proportionally increasing the 
length of stroke. But above and beyond all this it must not 
be for a moment forgotten that the Festiniog line cannot be 
taken as a fair sample of what an extended system of lines 
on the 2ft. or 2ft. Gin. gauge would be. It passes, as we have 
already explained, through an impossible country ; and the ex- 
cessive, and beyond measures vexatious, rules as to head way 
and side way to which Mr. Spooner has had to conform no 
doubt place the system at a great disadvantage. As an exam- 
ple, we may adduce the fact that low as the engine wheels are, 
the engine funnels are excessively short, and even now hardly 
clear the roofs of the tunnels or the soffits of the accommoda- 
tion bridges across the line. This reduction in chimney length 
tells of course on the draught, renders an otherwise excessive 
use oi the blower indispensable, and is accompanied of neces- 
sity by a reduction in the diameter of the blast pipe which can- 
not fail to increase considerably the consumption of fuel. 

Of our fourth trip, from Dinas to Port Madoc, little need 
be said, as the engine had no work to do, descending with the 
trains almost altogether by gravitation. The same disagreeable 
jumping motion was of course apparent ; but although running 
tender first, the curves were taken with remarkable ease and 
steadiness on the new track, and a speed of about fourteen 
miles an hour there maintained without undue oscillation. 

In our last impression we referred to the rail joint used by 
Mr. Spooner. The fish-plate, grips the lower flange, and the 
practical result is that not only is the line stiffened, but the 
nuts lose their tendency to turn back« The sleepers are arrang- 
ed in the form of a square framework. We may add that we 
have never had the fortune to run over a better jointed road 
than Mr. Spooner's. 
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As the working expenses of such a line as that under con- 
sideration, cAunot fail to present questions of interest, we are 
pleased to be able, thanks to Mr. Spooner, to place the follow-. 
ing fitcts before our readers. They show clearly how enor- 
mously the traffic has increased of late, and of what so narrow 
a line is capable. It may be as well to premise that at present 
but six trains each way are run in the day, but the number can 
be doubled without inconvenience. The accounts are at present 
only available for our purpose to June 1868, the report for 
1869 not yet being made public. For the year ending Jime, 
1868, the working expenses were as follows : — Maintenance 
of way, £1069 15s. 8d. ; masonry, £104 17s. 8d. ; locomotive 
department, £699 16s. 7d, ; tonnages, £1222 lis. 9d. ; station- 
masters and staff, £2353 3s. 6d. ; salaries £264 4s. lOd. ; parish 
rate^, £779 9s. 6d. ; passenger duty and income tax, £382 9d.; 
general charges, £266 4s. Id. ; timber, coal, and iron, £1980 
148.; rolling stock, £1072; total, £9694 18s. 6d. The total 
receipts amounted to £22,852 13s. 5d. The working expenses, 
therefore, came to about 42 per cent, of the income ; and it 
will be noticed that in the working expenses are included in- 
come and other taxes, and a toll to the Tre-Madoc estate and 
Mr. Bankes for crossing the Traeth Mawr embankment. The 
average proportion borne by working expenses to receipts on 
English railways, in general is 48 per cent. It will, therefore, 
be seen that Mr. Spooner works, perhaps one of the most diffi- 
cult roads in the world, at a price so much lower than the re- 
gular rate that, could all English railways be worked at the 
same cost, high dividends would be the rule and low dividends 
strictly exceptional ; and there can be no doubt whatever that 
when Mr. Spooner has relaid his roads, got better engines, and 
ceased to charge to working expenses what most directors 
would charge to capital, the working expenses of the Festiniog 
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Railway will be still further reduced. As regards the develop- 
ment which the traffic has undergone, we cannot do better than 
use Mr. Spooner's own words. 

"The accounts," says Mr. Spooner in his report for 1867- 
68, '' that I have the pleasure to submit the proprietary for the 
past year, ending 30th June, show a large increase of traffic 
over that of the preceding year. The quantity of slates carried 
over the line amounts to 112,0.')1 tons 19 cwt, and carriage of 
merchandise 14,693 tonsil cwt. 2 qrs. making together 126,745 
tons 10 cwt. 2 qrs. The total receipts for the twelve months 
amounted to «£22,852 ISs. 5d., and the money value of increased 
stock to £5655 14s. 3d. The expenditure was £17,871 6s. 5d. 
The increase on carriage of slates, as compared with the past 
year, is 18,278 tons 19 cwt., productive of £2401 8s. 7d.; mer- 
chandise traffic, 903 tons 11 cwt. 2 qrs., productive of £242 
1.5s. 6d. ; and passenger traffic £714 4d. The increase of train 
mileage was 2449, or as 46^732 miles run for the past year to 
44,283 for the year ending 30th of June, 1867. The two lo- 
comotive engines ordered last year, together with railway bars 
and fish-plates, have been paid for, as appears by the accounts ; 
such new rails and plates are sufficient for two and a-half miles 
of line, three-quarters of a mile of which have been laid to 
permanent way. In consequence of the additional numbers of 
inclined planes at the various slate quarries beyond the upper 
termini of your line, and the increase in the production annually 
of slate, there has arisen the necessity of a larger stock of slate 
wagons, and a considerable addition to the annual expense of 
repairs at the company's works. As there is every probability 
of a progressive increase in the traffic, it is important that an 
ample supply of slate wagons and other rolling stock be main- 
tained to meet it.'' 
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We now come to the most ' important fact of all. At the 
annual general meeting held in August, 1868, a dividend of no 
less than 6 per cent, for the half-year was declared. Hear that, 
ye holders of ordinary railway stock ! 12 per cent, per annum 
from railway property ! Why is this result obtained ? Simply 
because the line which gave it was cheaply made and is cheaply 
worked. It is adapted to its purpose ; it is not too big for its 
traffic. Instead of 40- ton engines and tenders we have engines 
and tenders of a fourth of the weight. Instead of first-class 
carriages weighing 7^ tons, and accommodating thirty-two pas- 
sengers, representing 4| cwt. of dead weight per passenger, we 
have carriages weighing 30 cwt., holding twelve passengers, or 
2^ cwt. per man ; and advantages similar in character hold good 
of all the passenger vehicles. Then we turn to the goods stock, 
what do we find ? Slate trucks weighing 1 7 cwt., holding 
three tons, and coal and other trucks in which the proportion 
of dead to paying load is about the same. On the 4ft. 8^ in. 
goage eight tons of coal, &c., are commonly carried in tinicks 
weighing 4 tons 6 cwt., 4 tons 1 1 cwt., &c., On few ordinary 
lines does the paying load exceed the dead weight by more 
than three- fourths. We shall not prolong our account of the 
Festini(^ line by showing why it is that the dead weight must 
increase in a very rapid proportion with each increase in guage. 
One fiict is worth a bashel of theory it is said, and the Festi- 
niog Railway affords the best possible proof that a reduction 
ia gnage to a little less than one-half that which is normal to 
Great Britain, permits a reduction in the weight of rolling 
stoek as compared with a load of the utmost possible impor- 
tanoe to the proprietary. 

We do not wish to be misunderstood even for a moment. 
We do not pretend that all the lines in England would have 
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been better had they been constructed to a 2fL gauge. Far 
from doing so, we state explicitly that we consider the 2ft. 
gauge too narrow for any line. In order properly to develope 
the resources of this great country two systems of railway are 
apparently indispensible. First-class or main roads of com- 
paratively wide gauge, and feeders of narrow gauge. Were the 
railways of this country to be laid out again, we should advise 
the construction of such roads as the London and North-West- 
ern, Great Northern, iS&c., to a 5ft. gauge. There is not much 
^o complain of about the 4ft. 8|in. gauge, but there is a little. 
It is too narrow to permit locomotives with large inside cylin- 
ders being placed upon it, unless the valves are turned over the 
tops of the cylinders, or set at an objectionable angle, and it ra- 
ther limits the diameter of the boiler. Now the extra 3^ in. 
gained by adopting 5ft. instead of the normal gauge, would just 
have disposed of this difficulty, and enabled locomotive super- 
intendents to arrange all their machinery without trouble. For 
the feeders we should adopt a gauge of 2ft. 6in., precisely half 
that of the main lines ; and on these feeders the speed might 
be half that observed on the main roads — say sixteen to twen- 
ty-two miles per hour. The great error hitherto committed in 
constructing feeders has lain in making them out of all propor- 
tion too big and heavy for their traffic ; and this mistake has no 
doubt arisen from the belief that great evils would be entailed 
by asking passengers to change carriages. But as a matter of 
fact, this difficulty has not been obviated by the adoption of the 
4ft. S^in* road. The direct effect of the operation of this mis- 
taken belief in the necessity for ** oneness" of gauge has brought 
about numerous evils. The resources of half the country are 
not developed. Capital which might be beneficially invested 
lies idle, or is spent in absurd schemes. Who will take in hand 
the introduction of a second series of railways to a 2ft. 6in. 
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gauge to feed main lines ? Who will obtain from Parliament 
the repeal of the most stupid bill ever passed, rendering the 
oonatruction of lines less than 4ft. 8|in. for passenger traf- 
fic ill^al ? Neither the day nor the man may yet have come ; 
but our readers may rest assured that with the advent of both, 
a new time of prosperity will dawn on the existing railway 
world, and the blessings of ample facilities for intercommunica- 
tion will be conferred on towns and districts now, in a sense, 
beyond the pale of civilisation. 

We do not write this simply because the Festiniog Rail- 
way is a success — far from it. The Festiniog Railway and 
its working only prove in a very practical way certain great 
truths which have not yet received the recognition which they 
deserve. Even though the line were, commercially speaking, 
a failure, the failure wo aid not alter mechanical laws. Engi- 
neers who have studied the subject in all its bearings have long 
since seen that by properly proportioning the rolling stock to 
the road it is as easy to work a 2&. gauge with safety as one 
of double or treble the width. But there are certain men and 
certain minds which cannot understand mechanical truths un- 
less they are presented to them in a very matter-of-fact form. 
The Festiniog Eailway supplies the only manner of proof which 
these gentlemen can understand. There is, besides, a large 
section of the public, which, knowing nothing of the reasons 
which lead up to the adoption of different systems of construc- 
tion, judge of the merits of these simply by the results. For 
both classes we have especially written this and the preceding 
article on the same subject. If we have shaken a prejudice, 
or convinced a waverer, or induced one man of talent and ex- 
perience to believe that there is more in narrow gauge railways 
than was dreamt of in his philosophy, then have we not written 
in vain. 
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In conclusion, we have to state that we have receiver 
letter from Mr. Spooner, correcting one or two slight inac^ 
racies in our last impression. The Festiniog Railway Compft 
possess no slate or other wagons with loose axles. Those ' 
saw belonged to quarry companies. The long tunnel clei 
the sides of the locomotives by a distance of from ten to fifte 
inches. In the upper parts of the road where wall and ro 
approach to within five inches of the engine, changes and moc 
fications will soon be made giving more room. The Festini 
Company possess several coal trucks larger than those the c 
mensions of which we have already given. These last are 9 
Sin. long, 4ft. wide, and 3ft. deep. The wheel base is 6ft. a 
the wheels are 18in. in diameter. These trucks hold 3^ to 
of coal or 4^ tons of sand or lime ; and, lastly, the locomoti 
built by Messrs. Manning and Wardle is not the property 
the Festiniog Company^ but was made for the branch line fn 
Buffws to Festiniog village, a distance of about 3^ miles, ope 
ed a few years since for the carriage of slate by a joint-sto 
company. This line is worked quite independently of t 
Festiniog Company. 
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BKOELTHAL VALLEY RAILWAY. 

(2ft. 7in. Gauge.) 

(Extract from Engineeringy dated 12th March 186.9 J 

The railway connecting the valley of Brol with that of 
Sieg, near Cologne, of which we propose to give some particulars, 
is of interest to Engineers not only on account of the narrow- 
ness of its gauge, which is 2ft. Tin. but also on account of the 
success with which its working has been attended. The line 
leaves the Cologne and Giessen Railway at Hannef, and with 
the exception of a short length near that station it is construct- 
ed along the line of the ordinary road, the administrative au- 
thorities having permitted a width of about 4ft. 8 in. to be taken 
from the latter for the purposes of the railway. 

The Broelthal valley line was originally designed exclu- 
sively for the accommodation of the mineral traffic to the 
works of Friedrich-Wilhelm-hutte ; but the inhabitants of the 
surrounding district found it to be to their interest to employ 
the line for the conveyance of their goods as the cost of trans- 
portation was found to be about 66 per cent cheaper than by 
the ordinary roads ; and as a result the line has at the present 
time a considerable general goods traffic. The main portion of 
the line extending from Hennef to Ruppichteroth, is 19'7 kilo- 
metres, or about 12^ miles, in length, and with tjie exception 
of about f mile near Hennef, is constructed as we have already 
stated along the ordinary road. At a station called Schoneberg 
a branch 2400 metres or about l| miles in length leaves the 
main line this branch extending to Sanerbach. The Company 
are also on the point of extending the main line from Ruppich- 
teroth to Waldbrol, a distance of 6^ miles ; and as this portion 
of the line cannot be constructed along the ordinary road, the 
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Prussian Government have granted the company a subvention 
of 60,000 francs (2400/.) in return for which the company have 
engaged to establish a passenger service over their whole system. 
The stations on the main line are eight in number namely 
Hennef, Ollner, Brol, Ingersauler, Miihle, Herrenstein Schone- 
berg and Euppichteroth. Besides these there is Sanerbach, 
already mentioned as forming the terminal station of the branch 
from Schoneberg, Hennef, Ingersauler, Miihle, and Schoneberg 
are good stations, and are also watering stations for the supply 
of the locomotives ; at Schdneberg, also, are ofl&ces and accom- 
modation for the staff. All the buildings are of the simplest 
kind, and the arrangements for supplying water to the locomotives 
consist simply of wooden cisterns filled by hand pumps. 
Hennef, however, has been promoted to the dignity of having 
an iron tank. 

The railway follows exactly the course of the road, and it 
includes curves of 38 metres (l24ft. Sin.) radius, and inclines 
of 1 in 80. The line is always carried on the most dangerous 
side of the road, and it occupies a width of 4ft. 8in., the total 
width of the road being 24ft. 9in. Permission has also been 
given, in case of a new line being laid down, to increase the 
width occupied to 6 feet. The upper sides of the rails are on 
a level with the footpath, and at intervals channels are provided 
for the escape of the drainage water. Near Hennef, the line, 
together with the road, passes over the river Sieg on a wooden 
bridge, which was constructed at the expense of the Company, 
but of which they keep in repair only that portion traversed by 
their line, paying for the maintenances of the remainder an 
insignificant annual sum. 

The arrangement of the station at Hennef is this. At 
this point the Cologne and Giessen line is above the level of 
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tbe surroundiDg soil, and a siding, serves to conduct the larger 
dragons to the hoppers, into which the minerals are discharged, 
and fipom which they are delivered into the wagons of the 
Broelthal valley line. At the hasement of the range of hoppers 
are the goods offices. There is also a running shed and turn- 
table for the locomotives and a weighing machine. 

The line is worked hy two small tank locomotives, these 
engines running alternate weeks. These locomotives were 
oanstructed at Carlsruhe, and the general arrangement and 
dimension are as follows : 

ft. in. 

Diameter of cylinders ... ... ... 1 OIJ 

Stroke •.. ... ••• ... ... 10 

Diameter of wheels ... ... ... 2 3^ 

Distance between centres of leading 

and driving wheels ... ... 3 8^ 

Distance between centres of driving 

and trailing wheels ... 
Total wheel base 

Diameter of barrel of boiler ... 

Number of tubes ... ... 73 

xiengin ... •.. ... ... ■•• 

Diameter 

Length of firegrate 

vy lu vu ••• ... ... ••• ..• 

Heating iurface : 

Tubes 
Firebox 

174 
Area of firegrate ... ... ... 4|; sqr. ft* 

Pressure of steam 90 lbs. per sqr. in. 

Weight of engine in working order. 12^ tons. 
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The wagons employed on the line are almost all of th 
following dimensions, &c. : 



• • • 



ft. 


in. 


10 


2 


4 


8 


6 


3 


3 


1 


5 


2 





H 



licngth of body 

VYIULU ••• ••• ••• ••• 

(In the new stock this width will be 

increased to 5ft. 4in.) 
Mean depth of body about ... 
Diameter of the wheels, 2ft. 6'|in. to 
Wheel base ... ... 4ft. 6in. to 

Diameter of axles ... Sin to 
Weight of empty ... 2| tons. 
Load carried ... ... 5 ,, 

Total weight loaded ... 7^ „ 
Weight per wheel ... 1| „ 
Cost per wagon ... £56 to 92 

The bottoms of the wagons incline from the centre down- 
ward towards each side so as to discharge the minerals through 
side doors. The longitudinal frames of the wagons are of iron 
of channel sections ; and the springs are arranged as usual 
above the axle boxes, the latter being protected by flaps of 
leather or canvas, as on ballast wagons, to prevent the dust from 
the minerals, when the latter are discharged, getting to the 
bearings. The wagons have central buffers placed above the 
draw hooks, each buffer rod being connected with the corres- 
ponding draw bar by a lever, so that the draw spring 
serves also as a buffer spring. The draw springs are of india- 
rubber. Some of the wagons have cast-iron disc wheels without 
tyres, whilst others have wheels of the ordinary kind with tyres 
of puddled steel. At first the wagons were run with one wheel 
of each pair loose on the axle ; but the results were not found 
to be satisfactory, and the plan was therefore abandoned. 
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The line is laid with rails of the following section. The 
depth being about 3^in. the width of the top table l,ein. the 
width of the base 2|in. the thickness of the web iV^i- and the 
weight from 221bs. to 26lbs. per yard. We cannot speak very 
highly of this section. The rails vary in length from 14ft. 9in. 
to 21ft. Sin. and they are carried upon transverse sleepers of 
oak^ 4ft. 2in. long, 6in. wide, and 5^in. deep, placed at a distance 
apart 2ft. from centre to centre. In the case of the sleepers at 
the joints the width is increased to Sin. The rails are secured 
to the sleepers by spikes, and they are connected by fish-plates 
1 2^in. long held by four bolts Jin. in diameter. The gauge of 
line is, as we have already stated, 2ft. Tin. but on curves of 40 
metres (131ffc. Sin.) radius the guage is increased to 2ft. 7|in. 
The super-elevation of the exterior rail on these curves is from 
^in. to ^in. A trial was made on the curves of small radius 
of ordinary flat-footed rails weighing 721bs. per yard laid with- 
out cross sleepers, but the experiment was not successful. 
Formerly also moveable rails were used instead of the regular 
points ; but now ordinary switches are employed. The crossings 
are made of hard cast iron. The extension of the line from 
Buppiohteroth l9 to be laid with rails weighing 34lbs. per yard, 
but the distance between the sleepers is to be increased, and 
they are to be placed at a pitch of 2ft. i 1 |in. from centre to 
centre. The rails laid on the main line between Hennef and 
-Ruppichteroth cost SI. iSs. per ton, and the fish-plates 12/. 12^*. 
per ton. About 15 tons of rails and 1000 sleepers are used 
annually in keeping up the line. 

We must now say something concerning the manner in 
^hich the line is worked and its commercial results. The 
usual load drawn by the engines consists of 28 wagons loaded 
i¥ith 5 tons each, giving 140 tons of paying load. The total 



42 
weight of the train is thus as follows : 

Tons. 

Locomotive 12^ 

Wagon 70 

Load in wagons ... 140 



222^ 
It is found that the engines can easily draw 36 loaded 

wagons, but the above is the usual load. The speed on the level 
portions of the line is a little over 9 miles per hour; and in 
traversing those portions of the road at which there are habita- 
tions, this speed is decreased to about 5^ miles per hour. In 
case of meeting a vehicle with horses not accustomed to the 
passage of the train it is the rule to stop and by means of the 
brakes, which are in charge of five men the train can be brought 
to a stand in a distance of about 130 feet. 

But one train is run over the line each way per day. Thi? 
train leaves Hennef at 6 A. m. and arrives at Ruppichteroth 
at 8-30 A. M. departing from the latter place at 1 p. m. and 
arriving again at Hennef at 4 P. M. The line is worked with 
but a small staff. The managing director is M. Gustorff who 
resides at Cologne, and who is also the managing director of 
Friedrich-Wilhelm-hutte, while the line is in the special charge 
of M. Saling, who bears the title of Inspector, and whose head 
quarters are at Hennef, where a book-keeper is also employed. 
Another sub-inspector is stationed at Schoneberg, and three men 
are employed in keeping up the line, one of them receiving 
1-875 francs (about I8rf.) and the two others 1*8 francs (rather 
less than 15tf.) per day. The men in charge of the trahi and 
their wages are as follows : — 

s, d. 

1 Engine driver 3 1^- per day. 

1 Fireman ••• ... •.. •.. 1 8 

1 Guard 2 1 

4 Brakesmen each 1 7 



5) 

n 

5> 
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There are no signalmen employed on the line. 

The merchandise transported is divided into four classes, 
which are carried at different charges, the goods comprised in 
the first class being those least liable to injury. The tariff are 
as follows : — 



Class. 



Charge per Ton 

for the entire 

Distance. 



s. d, 

7 

8 

9 5 



1st Minerals, limestone, &c. 

2nd. Burnt lime, iron, bricks, &c. ..• 

3rd. Grain and fruits 

4th. Miscellaneous. (The tariff for this class 
yaries according to the weight). 
The goods belonging to the three first classes are, in addi- 
tion to the above tariffs, subject to a fixed charge of id. per 
ton for loading and unloading. During the year 1864 (the 
latest year of which we have detailed particulars) the total 
quantity of goods carried over the line amounted to 32,709 
tons, this quantity being divided as follows : 



Claaa. 



From Rnppichteroth 
towards Hennef. 



From Hennef 

towards 
Rnppichteroth. 



Total Tonnage for 
each Class. 





tons. 


tons. 


tons. 


AOW* • . . 


27,970 


2,860 


30,835 


Snd. 


344 


840 


1,184 


3id. 


140 


335 


475 


4tL 


50 


165 


215 




28,509 


4,200 


32,709 



The total receipts for the transport of the above quantities 
of goods was 2800Z.; showing an average charge of a little over 
U. 8d. per ton ; while the working expenses during the year, 
were 1452/., of which 120^. was fairly chargeable to the sue- 
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ceeding year. The difference between receipts and expendi 
ture available for interest on original cost, &c., was thus 2SO0i 
— 1332^.-1468/. The working expenses were divided s 
follows : 

Charges for management ... ... £150 

Traffic cbartjes ... ... ... 188 

Cost of traction ... ... ... 428 

Station chartres ... ... ... 177 

Maintenance of wav ... ... ... 234 

, , rolling stock ... ... 216 

Miscellaneous ... ... ... 59 



£1452 
During the year 1867 the receipts amounted to 2584/. and 

the expenses to 1301/., leaving a balance of 1283/. available 

for dividend, &c. The total cost of the line and rolling stock, 

&c., has been as follows : 

1. Permanent way of main line ... £9 11 4 

2. Bridges over the river Sieg with ac- 

cessory works ... ... ... 3593 

3. Branch line to Sanerbach ... ... 1575 

4. Stations and Depots... ... ... 3363 

5. Locomotive and rolling stock ... 4165 

6. General stores ... 605 



£22,317 

The total cost was thus about 1526/., per mile for the to< 

length of the line. The sum given under the 5th head is divide 

as follows : 

2 Locemotives with spare wheels •.• £1753 

29 Wagons without wheels and axles 1405 

101 Axles with wheels 887 

Accessories ... 28 

Tools, &c., ... ••• ... 92 



£4165 
The estimated cost of the extension of the line a distant 

of 6i miles to Walbrol, is 9490/. 
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Extract /ram the Proceedings of the Institution of Civil Engineers. 

Vol. 26, Page 49. 

0!T LIGHT RAILWAYS IN NORWAY, INDIA and 
QUEENSLAND, by CHARLES DOUGLAS FOX, 

M, Lnst. C.E. 

By the term '* Light Railways,'' the Author would wish 
to be understood such as, either heing branches from exist- 
ing trunk lines, or being intended for districts requiring the 
development of their traffic, should be constructed in a thorough- 
ly substantial and durable manner, equal in their details as to 
quality to the best trunk lines, but with every part made only 
of such strength as to carry loads represented by the rule, that 
no pair of wheels should be allowed to have more than 6 tons 
upon it. This would enable these lines to carry the rolling 
stock of all other railways of similar gauge, with the excep- 
tioD only of the locomotives. 

The first railways constructed upon this principle, which 
have come under the Author's notice, are those of the Nor- 
wegian Government ; the designs for which were prepared, and 
the works carried out, under the guidance of Mr. Carl Pihl, 
the State Engineer. The Author visited these lines in 1864, 
and was struck with their eflSciency and economy. With the 
exception of the line from Chrstiania to Eidsvold, which was 
constructed some years since by Mr. G. P. Bidder (Past Pre- 
sident Inst. C. E.), and the branches therefrom to the 
Swedish frontier— both of which are of the 4 feet 8^ inches 
gauge, that being the gauge adopted in Sweden — the railway 
system of Norway is upon the light principle, and of the 3 feet 
6 inches gauge. The two lines visited by the Author may be 
taken as types of the system. The first, from Grundset to 
Hammar on the Mibsen Lake, a distance of 24 English miles. 
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passes through an easy undulating country, has ruling gradi- 
ents of 1 in 70 witli curves of 1,000 feet radius, and has cost, 
including rolling stock and stations, £3,000 per mile. The 
second, Throndhjem to Storen, a distance of 30 English miles, 
passes through a difficult country. The earth works are heavy, 
including several rock cuttings and embankments of bad clay. 
There are twelve large bridges on the length of 30 miles, three 
of them of great height and length, the largest being the Slop- 
pen Bridge over the Eiver Nid. This is 620 feet in length, 
and has five principal spans of 70 feet each. The piers are 
100 feet high, making the total height of the viaduct 1 10 feet. 
Up to high-water level the piers are of masonry, to resist the 
ice, but the rest of the bridge is of timber* The timber trusses 
are lO feet in depth, and 11 feet apart, and are constructed 
upon Warren's principle. These structures are so carefully 
put together, that there is scarcely any vibration during the 
highest wind. The gradients on this line are chiefly 1 in 100. 
There are, however, 5 miles of 1 in 52, and in the opposite di- 
rection from the summit, 4 miles of 1 in 42, followed by 4 miles 
of 1 in 65 and of 1 in 100. I'requent curves are found 
throughout the line, but especially on the heavy gradients, 
where they are chiefly reverse curves, ranging from 700 feet to 
1,000 feet radius. There are two terminal stations, six inter- 
mediate stations, and three stopping places, with workshops 
and engine and carriage sheds at Throndhjem. The total cost of 
the line, including rolling stock and station, has been £6,000 
per mile. 

The permanent way upon these lines consists of flat bot- 
tomed rails, weighing from 371bs. to 40lbs. per lineal yard, 
fished at every 21 feet, with plates 11 inches long, and secured 
by dog spikes only to transvers sleepers, 2 feet 6 inches apart 
from centre to centre ; no fang-bolts, or joint- plates being used. 
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The sleepers are of pine, 6 feet 6 inches long, by 9 inches by 4^ 
inches in section, uncreosoted, and half-round, laid the round 
side up, and adzed, to increase the bearing of the rail, to 5 inches. 
An inward cant of 1 in 20 is given to the rail. The ballast 
occupies a space of 8 feet 6 inches wide, and 1 foot 8 inches 
thick, and is of good quality. The crossings are reversible, and 
the switches self acting. The permanent way, after having 
stood the test of several Norwegian winters, forms a very 
smooth road. Its repairs employ one man per mile. The ge- 
neral works are thoroughly substantial, the bridges and sta- 
tions being of pine timber. The lines are 14 feet wide at the 
formation level. 

The locomotives are nearly all alike, with the exception 
that some have the Bissel bogie, and others Adams' radial axle- 
boxes. They were constructed partly by Messrs. R. Stephenson 
and Co., and partly by the Avonside Engine Company. They 
have outside cylinders, 10 inches in diameter, with a length of 
stroke of 18 inches, and six wheels — four driving-wheels 3 feet 
diameter, coupled, and two leading wheels 2 feet in diameter. 
They are tank engines, and are fitted for burning coal, and have 
a working pressure of 120lbs. Their weight in working order 
is 14 tons. The train by which the Author travelled weighed, 
with the engine, 118 tons, and ran considerable distances at 30 
miles an hour, with smoothness and steadiness. The ordinary 
speed required by the traffic does not, however, exceed 15 miles 
per hour, including stoppages. In ascending the incline of 1 in 
52 an assistant .engine was attached, increasing the gross load 
to 133 tons, or 66^ tons of gross load per engine, which was 
taken up with ease at about 12 miles to 15 miles per hour. 
The passenger carriages are 19 feet long, on four wheels, with- 
out bogies, and 6 feet 6 inches wide, by 9 feet 9 inches high 
outside. The goods wagons are 21 feet long, and 6 feet 3 inches 
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wide. A single central buffer is adopted, forming also the 
draw bar. The under-frames are of wood. 

These lines, which run through thinly-populated districts, 
already more than pay their expenses, and the results have -s 
been so satisfactory, that this system is being rapidly extended. 

The railway from the Arconum Junction of the Madras 
Eailway to the town of Conjeveram, 19 miles in length, and of 
the 3 feet 6 inches gauge, was constructed by Sir Charles Fox 
(M. Inst. C. E.), and Mr. G. Berkley (M. Inst. C. E.), as 
Engineers, and by Mr. B. HoUoway, as Resident Engineer, for 
the Indian Tramway Company, Limited. It has now been in 
operation eighteen months with most satisfactory results. 

The line, which runs over a flat country, is formed chiefly 
of a low embankment, with frequent culverts for drainage, and 
with two iron bridges, on screw piles, of considerable size, to 
cross rivers exposed to heavy floods. The works are substan- 
tially executed. The permanent way consists of flat-bottomed 
rails, 35|lbs. to the yard properly fished, and secured by dog 
spikes to transverse teak sleepers, 2 feet 6 inches apart from 
centre to centre, and well ballasted. The locomotives and 
other rolling stock are nearly similar to those used on the 
Norwegian lines, adopted however to the difference of climate. 
The cost of this line, which was constructed by the Company's 
OflScers, was £3,200 per mile, including telegraph and stations, 
or £3,900 per mile including all management and rolling 
stock. Although the traflBo does not require a greater working 
speed than from 12 miles to 15 miles per hour, the trains have 
at times been run, with perfect safety, at upwards of 40 miles 
per hour, including stoppages. During the Festival Days, in 
May, 1866, twenty-two thousand persons travelled on the line. 
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The relation of the cost of workiag to the gr«)ss receipts does 
not exceed that of an ordinary line. 

The Government railways of the colony of Queensland — to 
which Sir Charles Fox, (M Inst. C. E.), and the Author are 
the Consulting Engineers — form at present the most extensive 
system to which this principle has been ap|)lied. These lines 
have been laid out by Mr. A. C. FitzGibbon (AI. Inst. C. E.), 
the Engineer-in-chief to the Colonial Government, who, upon 
his arrival in the colony, found that the chief want of the 
country was means of intercommunication, and that it would 
he better supplied by constructing light, but substantial, rail- 
ways, than by continuing to spend something like the same 
amount on roads. Careful surveys were accordingly made, and 
it was found, that whilst the country both above and below 
the Main Rang^of hills was of an easy character, yet to sur- 
mount this range, cut up as it is by numerous and deep ravines, 
would require works of no ordinary character, and such as, for 
a line with ordinary curves and gradients, would be simply 
prohibitory in cost. The matter excited much interest in the 
colony ; and the Government having, upon the advice of their 
Engineer, determined upon adopting a system of light railways, 
with a gauge of 3 feet 6 inches, much opposition was raised, 
resulting in the final adoption of the Government plans. 

The Southern and Western Railway of Queensland will 
ran from the town of Ipswich to Toowoomba, a distance of 78 
miles, and will then divide into two branches, one running to 
Dalby, a distance of 52 miles, and the other to Warwick, a dis- 
tance of 62 miles, making a total of 192 miles. About 50 miles 
have been opened for traffic, and the remaining 142 miles are 
in coarse of construction, partly by Messrs. Peto, Brassey, and 
Betts, and partly by local contractors. A further length of 



50 

upwards of 200 miles is under survey. The Little Liverpool 
incline on this line, which pai^es a ridge 700 feet in height, is 
three miles in length, and has ruling gradients of 1 in 50, with 
curves of 6 chains radius. The main incline which crosses a ridge 
1,400 feet high, is 16 miles in length, and has ruling gradients 
of 1 in 50, with frequent curves of 5 chains radius. The earth 
works on this portion of the line are very heavy, with cuttings 
in rock, and eleven tunnels, also in rock, which have been lined 
with brickwork, and of which one is 27 chains in length. There 
are also about twenty iron bridges, with lattice girders, 12 feet 
apart from centre to centre, and in spans varying from 60 feet 
to 100 feet, with an amount of water-way almost unparalleled 
on a similar length of line. 

One of the chief works is the bridge over the river Bremer 
close to the Ipswich terminus, for carrying a single line of 
narrow-gauge railway, and a public road 25 feet wide. It has 
a width of 37 feet between the parapets, and consists of three 
spans of 150 feet each. The abutments are of stone. The 
piers, which are 60 feet high, consist of cast-iron cylinders 6 
feet in diameter, sunk into the bed of the river and filled with 
concrete. Both the main and the cross girders are- of lattice 
construction, the former being 12 feet deep. The top flange is 
composed of cast iron in a tubular form, the bottom tie of How- 
ard and Ravenhill's rolled links. The cross girders are 6 feet 
apart from centre to centre, 37 feet long, and 1 foot 9 inches 
deep. The strains upon the various parts are in all cases within 
the limits fixed by the Board of IVade, the rolling load being 
taken at ^ of a ton per lineal foot of single line. The total 
weight of the superstructure is only 12 cwt. per lineal foot of 
the bridge, which is less than one-third the weight of bridges 
of similar span and width sent out to the colonies for railways 
of ordinary construction. 
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The stations on these lines are of an ornamental and some- 
what extensive character. The termini at Ipswliich and 
Toowoomba, several of the roadside stations the engineering 
iroiluhops, and the engine and carriage sheds, have been sent 
from England, Messrs. Fisher Brothers having been the con- 
tractors for them. They are framed in iron and wood, and cover- 
ed with zinc, and are fitted with traversers, turntables, cranes, 
weigh bridges, tanks, and pumping engines, of the same des- 
eription as those used in England. 

The passenger rolling stock is of the best English manu- 
&ctuie. The carriages are generally 32 feet long and 6 feet 
6 inches wide, divided into compartments. The first-class car- 
riages have accommodation for thirty passengers, at a cost of 
£l7 17^. per passenger ; the composite carriages, for thirty-six 
passengers, at a cost of £12 10^. each ; and the second-class 
for forty-eight passengers, at a cost of £8 10^. each, there be- 
ing no third-class. The carriages are mounted upon iron under- 
fnme^ and are fitted partly with bogie trucks and eight wheels, 
and partly with Adams' radial axle-boxes and six wheels. The 
wagon stock varies in length from 14 feet upon four wheels to 
20 feet upon six wheels, the latter being fitted with Adams' 
ndial axle-boxes at each end. The bearing, buffing, and draw 
strings are of the best steel, a matter of importance, as tending 
towards the reduction of wear and tear. The tires, though ori* 
ginally of iron, are now being gradually superseded by those 
of steel, of comparatively light section, and fitted with A dams' 
. springs, which have the advantage of allowing slip in passing 
conres, and of diminishing materially the blow between the 
wheel and the rail. Everything has been done, in designing 
ibis rolling stock, to keep down the weight of the various parts 
80 &r as is consistent with strength and durability. The whole 
of the passenger stock, as well as one-half of the wagon stock. 



is fitted with Clark's continuous break, similar to that reconoL — 
mended by Mr. G. Berkley for the Gh4t inclines on the Gre 
Indian Peninsula Railway. The cost of this rolling stock 
passenger, although fitted with every luxury, shows a considerr—- 
able saving over that of other railways in sister colonies. 

Three classes of locomotives are used on these railway 
Tender-engines are employed upon the portions of the lin 
where the curves and gradients are easiest. These engiQ< 
weigh 1 5 tons in working order, and are upon six wheels, o 
which four are ' drivers.' The driving-wheels are 3 feet 
diameter, in some cases placed behind, with the leading-wheel 
2 feet in diameter, fitted with a Bissel bogie, while in others 
the driving-wheels are placed in front, and the trailing-wheels 
are fitted with Adams' radial axle-boxes. Th€ following are 
some of the leading features of these engines : — Diameter of 
cylinders, 10 inches; length of stroke, 18 inches; heating 
surface, 400 superficial feet; length, 19 feet 2 inches; extreme 
width, 7 feet ; wheel base of driving-wheels, 6 feet 6 inches. 
The tenders are 10 feet long, on four wheels, weigh 7 tons, 
have 70 cubic feet of fuel space, and tank capacity for 520 
gallons of water. These engines are similar to those in use 
both in Norway and in India, and are found to run smoothly 
and well up to 40 miles per hour, though their working speed 
does not exceed 20 miles per hour, at which speed they are 
capable of taking 90 tons of gross load, including engine, upon 
a line having ruling gradients of 1 in 100. The cost of one 
of these engines with tender complete, free on board in England, 
is £1,400. Tender-engines are also used upon that section of 
the line which includes the Little Liverpool incline, 3 miles in 
length ; but they are of a more powerful class than the former, 
weighing 20 tons when in working order, and upon eight wheels. 
The driving-wheels, six in number, are 3 feet 3 inches in diameter, 
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placed as closely together as possible, having a wheel base of 7 
feet 2 inches only, and the centre pair of wheels being 
without flanges. The leading-wheels are 2 feet in diameter, 
and are fitted with a Bissel's bogie. The diameter of the 
cylinders is 11 inches, the length of stroke 18 inches, the 
heating surface 600 superficial feet, length 21 feet, and 
extreme width 7 feet. The tenders are 12 feet long, on four 
wheels, weigh 9 t^ns, and have 100 cubic feet of fuel space, 
and tank capacity for 600 gallons of water. The motion and 
axles of these engines are of Bessemer steel. These engines, 
are designed for the same gross load as those of the first-class 
but for gradients of 1 in 50, though of comparatively short 
lengths. The cost of one of these engines with tender, free on 
board in England, is £1,800. The engines for use on the Main 
Range incline are upon Mr. Fairlie's system. They consist of 
two bogie frames, carrying a boiler, with a smoke-box at each 
end, and a central fire-box, having a fire surface 71 square feet. 
The boiler has two hundred and seventy tubes, is 9 feet 10 
inches long, with a total heating surface of 1,000 superficial 
feet. The frames also form the water-tank, thus keeping the 
centre of gravity as low as possible. Each engine has two 
bogies, connected with the boiler by central bogie- pins 3 inches 
in diameter, and by slotted quadrants having studs working in 
them at each end of the fire- box. These quadrants form the 
chief means of transmitting the power of the engine, the bogie- 
pins being used only as centres upon which the bogies moves. 
Each bogie-truck is carried upon six wheels, each 3 feet in 
diameter, having a wheel base of 6 feet 6 inches, the centre 
pair of wheels being without flanges ; these six wheels are 
driven by two cylinders, each 1 1 inches in diameter, with a 
length of stroke of 18 inches ; making twelve wheels and four 
^flinders to each engine. The engine is provided with a fire- 
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door on each side, and the driving platform, which is at the 
side, is arranged to give tli^ driver a good view when running 
either way. All the gauges, working handles, reversing gean 
and breaks are placed in convenient positions. The weight of 
the engine, including 150 cubic feet of fuel and 800 gallons 
of water, is about 30 tons, upon twelve wheels ; and the engine 
is calculated to take 120 tons of gross load, at a speed of 15 
miles per hour, up an incline 1 6 miles in length, having ruling 
gradients of 1 in 50, and frequent curves of 5 chains radius. 
The bogie-pins, quadrants, motion, valve-rods, and axles, are 
of Bessemer steel. The cost of each engine complete, free on 
board in England, is £2,500, or considerably less than if two 
tank-engines of half the power had been substituted. The 
Author has tried several experiments, on the Anglesea Central 
Railway, with an engine similar in construction, which weighs 
24 tons, has eight driving-wheels, and takes a load of 160 tons 
up 1 in 70, for a distance of 1| mile, at 20 miles per hour. 
This engine ran with perfect steadiness at upwards of 40 miles 
an hour, and the smoothness with which it passed round curve 
of even 1 70 feet radius was remarkable. 

In designing these several classes of locomotives great care 
has been taken to keep down the weights, and it will be found 
that in no case does the weight on any wheel exceed 3 tons. 
The fire- boxes are made for burning fuel composed of two- 
thirds of wood and one-third coal ; ample heating surface, and 
fuel and water spaces, being also provided. Break power is 
applied to nearly all the wheels, and there is an arrangement 
for sanding the rails under each of the driving wheels. The 
drivers are well sheltered from the heat. With a view to faci- 
litate ])asying round curves of sharp radii, and for obtaining 
elasticity between the rail and the wheel, in none of the en- 
gines doch; the rigid wheel base exceed 7 feet 2 inches ; all the 
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wheels are fitted with the best springs, and with Adams' spring 
tires, the latter in all cases being cylindrical and not coned*. 

The permanent way consists of flat-bottomed rails, weigh- 
ing 401bs. to the lineal yard, generally in lengths of 20 feet, 
laid vertically, fished with Adams' bracket plates, secured at 
the joints by fang bolts, and elsewhere by dog spikes, to trans- 
verse rectangular sleepers, laid 2 feet 6 inches apart from centre 
to centre. The ballast, which is very expensive in Queensland, 
consists of broken rock. During the manufacture of the rails, 
a sample was picked out at random from each day's make, 
and tested upon bearings 3 feet 6 inches apart, with a dead 
weight of first 15 tons, and secondly 18 tons. The average 
deflection with the former was fths of an inch with a perma- 
nent set of I'eths of an inch ; with the latter the deflection was 
1^ inch, and the permanent set was |ths of an inch. The rails 
were also tested with a weight of 66 libs, falling through 6 feet 
twice, to show a permanent set of not more than 1^ inch at 
the second blow, and with the same weight falling through 9 
feet once without breaking the rail. The sleepers are cut out 
in the forest, and at once adzed, to give accurate bearings for 
the rails, by a machine sent from England, which, accompanied 
by a portable engine, can run on the railway to the nearest 
point, and then, having moveable flanges on its wheels, is drawn 
by horses to the site where the trees are felled. In this way a 
great saving in haulage and in labour is effected. The cost of 
the permanent way including ballast of broken stone, is £2,162 
per mile, as compared with £2,996 per mile, the cost of the 
permanent way on the railways of a sister colony. 
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The cost of these railways taken from Mr. FitzGibbon'i 
estimates is as follows : — 

Total, including Snrveyft, 
Land, SuperiDtendence, Worlu 

^Stations, Sidings and only. 

Rolling Stocks F^ mile, 

per mile. 

£ 

Ipswich to foot of Maine Range, 

omitting Little Liverpool 

Range 
Little Liverpool Range 
Main Range ... 
Toowoomba to Dalby 
Toowoomba to Warwick 
Actual average cost 

From this it will be seen, that these lines may be constructed, 
under the most difficult circumstances, for between £11 ,000 and 
£12,000 per mile, and under ordinary circumstances for £6,000 
per mile, including everything, and this notwithstanding the 
rates of labour ruling in the colony ; being from six to seven 
shillings per day for an unskilled labourer, and from ten to 
twelve shillings per day for a skilled workmen. It must also 
be remembered, as remarked by Mr. FitzGibbon, that " the 
construction of the road and the various appliances employed 
are in all respects equal to any railway in the world, excepting 
only that they are limited in power to the wants of the case."* 

The Great Northern Railway of Queensland, which will 
run from Rockhamton in the north several hundred miles into 

* Mr. FitzGibbon states, in a note to the Secretary of the Inst. C. E. dated Ipswich, 20th May, 
1867, that the line to Toowoomba had then been opened, and that the 16-ton engine, fonr wheels 
coupled, took a net load of 40 tons up the Main Range inch'ne at a speed of 12 miles an hour. Tho 
cost of the 78 miles, including everything, averaged £13,700 per mile ; while the cost wett of the 
Main Range varied from £6.000 to 7.000 per mile.— Sec. Inst. C. E. 
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the interior, and which is being carried out under the super- 
intendence of Mr. Henry J. Plews, the Government Engineer 
for that part of the colony, does not at present call for any 
eipccial remark. It resembles so far as regards the first section 
now in course of construction, the lighter portions of the 
Southern and Western Railway, and is supplied with bridges, 
permanent way, rolling stock, engine and carriag e sheds, and 
workshops and stations of a similar character. Its locomotives 
are precisely the same as those of the first-class on the Southern 
and Western Railway. The passenger carriages, however, 
which were designed by Mr. Plews, are somewhat different ; 
being 45 feet in length, upon six wheels, fitted with Clark's 
radial axle-boxes, each holding twenty first-class and forty second- 
class passengers, the seats being placed longitudinally, on either 
side of the carriage, with a passage down the middle, and open 
platforms at the end, from which the breaks are applied. The 
cost of these carriages is about £10 per passenger. 

It 80 happens that, in the three cases referred to in this 
Paper, the gauge is 3 feet 6 inches. But the Author considers 
that the gauge is after all a matter which must be entirely 
dependent upon surrounding circumstances, and which, if kept 
within certain limits, will not affect the cost in ordinary coun- 
tries to nearly so great an extent as that which, the Author 
would repeat, is in his opinion the basis of the light railway 
system — ^the reducing of the weight upon every wheel in the 
train (including the engine wheels) to 3 tons, the limitation of 
the speed to 25 miles per hour, and the adaptation of every 
detail to these conditions. In Queensland, the gauge of 3 feet 
6 inches was determined on for the following reasons : — first, 
there were already two gauges in Australia, so that uniformity 
was out of the question; secondly, a curve of 5 chains radius on 
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this gauge is nearly equal to a curve of 8 chains radius on the 
4 feet 8| inches g'iuge, and the country, on the Main and 
Little Liverpool ranges, is of so peculiar a character, with 
frequent ravines and spurs running out from the Main Range, 
that it was found, by a careful survey and estimate, if curves 
of 8 chains radius were adopted, as upon the Blue Mountains^ 
New South Wales, the cost would be increased more than three- 
fold. In the item of viaducts alone, the cost would have been 
£35,040 per mile, as against £6,100, an amount quite beyond 
the means of the colony. The gauge was therefore fixed at 3 
feet 6 inches, and the minimum radius of the curves was reduced 
to 5 chains. 

In a country, however, where the trunk lies already exist, 
of either the 4 feet 8| inches, or some other gauge, and where 
the country through which the branch line has to pass is not of 
a peculiarly difficult character, requiring very sharp curves, it 
would, in the Author's opinion, be generally found advisable to 
avoid break of gauge, constructing the branch upon the light 
system, so that it may take all the rolling stock which the parent 
line may bring to it, with the one exception of the locomotives. 

In conclusion, the Author trusts that this paper may elicit 
a discussion which shall bring forward, more forcibly than he 
has been able to do, the importance of a system which he 
believes will be found before long to have much influence upon 
railway construction for branch lines, both in this and other 
countries, especially where the amount of traffic is somewhat 
limited, and where high speeds are not required. 
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RAILWAYS IN SOUTH AMERICA. 

Semrks by Mr. E. Woofls^ M. Inst. C E.^ aft^r the paper read 
at the Inst. C. K, by Captain Tyler, R. A\, on '' The Festi- 
niog Railway^^ (Vol 24 Page .379, 380.) 

Mr. E. Woods thought it was evident, from the observa- 
tions which had been made, that no one system could be laid 
down, nor any one gauge be fixed upon, as applicable to all 
conditions of locali!;y, traffic, &c., but that each district must be 
- treated according to its circumstances. With r-egard to the 
Indian gauge of 5 feet 6 inches, he could quite understand, it 
was most desirable to construct branch lines on the same gauge 
as the main lines^ and in a flat country like India the difference 
of cost as between a gauge of 5 feet 6 inches and a narrower 
gnage would not be great, the principal item being in the 
additional length of the cross-sleepers. The rails might be 
lighter than those of the main line, and the engines for working 
the branches made light in proportion. Six years ago he had 
to construct a railway in Chili, 27 miles in length. The line 
was situated in the lower range of the Andes, where the 
gradients were necessarily severe and the curves sharp. Here 
curves of 500 feet radius in combination with gradients varying 
from 1 in 20 to 1 in 30, constantly occurred. It was said, by 
the Engineers of the country, that it would be impossible to 
work that line with locomotives, and accordingly it was laid 
out for mule traffic, and it was worked by mule power for 
eighteen months. But owing to the seasons of drought and 
other causes, the expenses of working were so high, that a 
decision was come to by the Directors, to work the line by 
locomotive power. He was called upon to design the engines, 
and in his design he limited the weight on the driving wheels 
not to exceed 7^ tons, but the difficulty was to get sufficient 
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adhesion to take the loads up the severe inclines of 1 in 20 for 
7 miles, and of 1 in 30 for 12 miles. That difficulty was over- 
come by putting 6 driving wheels to the engines, and placing 
the front end on a bogie truck. The rails, of 421b8. to the yard, 
had stood exceedingly well, and up to this time were in good 
working order, for though the engines weighed 30 tons, the 
weight, being distributed over so many wheels, had produced 
no sensible injury to the rails. The ordinary working speed 
on the inclines was about 1 2 miles per hour. 

From the experience of the working of that line, it was 
evident that railways of light and inexpensive construction 
might be advantageously worked, if due regard were paid to 
the adaptati<m of suitable rolling stock. 



Remarks hy Mr. E. Woods^ 31. Inst. C. E.^ after the paper read 
at the Inst, C. E.^ by Mr. C. D, Fox^ M. Inst C. JF., on 
'' Light Railways^ ( Vol 26 Page 67—69)- 

Mr. Edward Woods thought the Author was right in 
principle, and it was satisfactory to find, that the ^system had 
been worked out on so large a scale, with such economical 
results. It had been his own lot to adopt the converse of that 
principle, not so much to originate the construction of light 
railways as to adapt rolling stock to that class of railways. He 
had, in fact, for many years past adopted the principle Mr. Fox 
had enunciated, viz., that of fixing a limit to the weight to be 
placed upon the driving wheels of the engine, such limit having 
reference to the light rails in use. The first case Mr. Woods 
h«d to deal with was a line of the ordinary English gauge, the 
Copiapo Extension Railway, originally intended for horse traffic, 
but for which that mode of propulsion was found to be in- 
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applicable. He had to desigQ a locomotive to run without 
injuring the rails, which weighed 42lbs. to the yard. Loconi<»- 
tives of 32 tons weight had worked upon that line for six years, 
and the road was now in as good order, with regard to the rails, 
as it was after the first six months' working : but though the 
engines were of 32 tons weight, the weight was sub-divided, 
BO that not more than from seven to eight tons rested on each 
pair of wheels. In the ease of two other railways in Chili, he 
had to deal with the rolling stock in the same way. He 
exhibited a photograph of an engine of a class which he was 
sending out to that country for the Tongoi Eailway, a line of 
about 40 miles in length, with curves of 187 feet radius, 
gradients of 1 in 19 for four or five miles, and a gauge of 3 feet 
6 inches. The gauge of the other line, the Carrizal Railway, 
was 4 feet 2 inches, and the same class of engine was working 
satisfactorily upon it. That engine weighed only 15 tons, with 
six wheels, each 30 inches diameter, and all coupled, having 
inside cylinders 12 inches in diameter, with a length of stroke 
of 17 inches. To adapt it to the sharp curves on the line, the 
leading and trailing axles were fitted with the translation 
system oi^ Caillet, which worked very satisfactorily. In the 
first case named, that of the Copiapo Extension, he had adopted 
the " bogie" system, but there was in it the disadvantage that 
the adhesion of the bo^ie wheels was not available for traction. 
With regard to the engines of Mr. Fairlie, they were virtually 
a couple of engines combined. He agreed with Mr. Bruce in 
preferring two uncombined engines, working together if need 
be. He thought, where there were steep gradients to deal 
with, it was not an advantage to have too heavy trains, and 
wch long double engines were inconvenient in the stations, and 
required large and expensive turntables. They might perhaps 
be Well adapted for special purposes, such as that to which 
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Mr. Fox hid applied them. In working steep inclines like 
those in Cliili, accidents sometimes occurred, the chances of 
which were diminished when the load was divided, and the 
evil consequences of a casualty were much lessoned. With 
reference to the question of the increasing weight of rolling 
stock, Mr Bruce had remarked upon the engines of twenty-five 
years ago, which were about the weight of those described in 
the paper. He remembered the time when, on the Liverpool 
and Manchester line, an engine of 10 tons Vas thought a heavy 
one, and 12 tons very heavy. The rails at that time weighed 
only 351bs. to the yard, and with engines of 12 or 14 tons, 
those rails stood well enough; but as the traffic increased, en- 
gines of greater size and weight were introduced, and the con- 
sequence was, the rails were soon destroyed, and the line had 
to be rehiid with rails of SOlbs. to the yard ; but the gradual 
introduction of larger engines rendered those heavier rails use- 
less, and they were replaced by others weighing 601bs. to the 
yard. The Grand Junction Railway works were at that time 
commencing, and Mr. Locke adopted a rail of 62lbs., which 
was then considered very strong. That answered well with 
the Grand Junction engines for several years ; but the increas- 
ed weight of those engines eventually rendered the rails un- 
serviceable, and now the rails weighed 801bs. to the yard. lie 
thought if the principle advocated by Mr. Fox had been earlier 
considered and adopted in this country, that to a certain extent 
much of the cost of altering lines might have been avoided. 
As an engine of 32 tons was made applicable to 401b. rails, so 
he thought engines of sufficient power to meet the demands 
of a growing traffic might have been devised for the Liverpool 
and Manchester, Grand Junction, and other lines, which would 
have allowed the rails to last double the period they did. It 
not only aflfected the question of the permanent way, but also 
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the structures which carried the permanent way. In the year 
1844, Mr. Hawkshaw and liiinself conjointly constructed a 
viaduct a furlong in length, connecting the Liverpool and Man- 
chester and the Leeds and Manchester railways, at the part 
which adjoined the Bolton and Manchester line in Salford. 
That viaduct was constructed of cast-iron columns and girders. 
Three or four years ago, looking to the greatly-increased weight 
of the engines of the London and North- Western Railway, 
they came to the conclusion to call the attention of the Directors 
to the fact, that as that structure had been designed and 
execnted at a time when the engines were 30 or 40 per cent, 
bghter than they were now, it might be desirable that it should 
be looked into, and their joint representations resulted in the 
Btrengthening of the whole structure. Similar costly alterations 
of works had been carried out, and were now going on in other 
parts of England. He had found, whenever the Government 
inspectors came to pass a railway, that increased strength of 
rails and fastenings was demanded. What was admissable a 
year or two ago was not so now, and this had been the tendency 
for the last ten or fifteen years, and where it would sto]^ he 
oould not tell ; but the subject was one that deserved the 
greatest consideration of all the members of the profession in 
order that, if possible, some limit might be assigned to this 
eonstantly-increasing expense.* 



• The following additional information has been handed to the Secretary by Mr. Woods : — 

TOXGOI RAILWAY, CHILI. 

Gauge 3 feet 6 inches. 

Indikiing ntension of 10^ miles now being made is 41^ miles in length. 

Foniu OQtIet to the rich copper mines of Taiuaya. The extension commences at the f(x>t of a 
of hilli, and to aroid d^rp ra\inefl it winds mnch. and ha« rnrves of 1R7 feet radius. Th<»re are 
fan tvcntjr-fiTe to thirty curves of small rath'us. The maximum gradient on the extension is 1 in 19 
mi thve an many steep gradients. 

BatU. — 42lbs. per yard, in lengtlis of 18 feet to 20 feet, fish-jointed, flanged, and laid on trans- 
verse ileepers of wood. 

ITo^ofM. — Platform wagons 7 feet 6 inches by 5 feet 10 inches outside ; side;?, 13 inches deep, 
one side falls ; whi'el centres, 5 feet. 
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nemarlcs bfj Mr, W. Lloyd^ M. JnsL C. E. ami Mr E. IVoods^ 
31. Inst. C. E., after the paper read at the Inst. C E. by 
Captain Tyler ^ li. E., on '' Railtvay Curves and GradienUP 
( Vol 26 Page 349—353;. 

Mr. W. Lloyd had been engaged during the last twelve 
years in the construction of some of the principal steep inclines 
in the world. Most of the illustrations and ideas connected with 
this subject had been derived from Europe alone. His own 
experience was that many things which were good in Europe 
frequently caused a great deal of difficulty in foreign oountries ; 
and there was one thing in Mr. Fell's engine, admirable as it 
was, which struck him would cause difficulty in practical 
operation on a railway abroad — that was the extreme intricacy 
of the machinery. Simplicity was an essential element in all 



lif/ Ga»n and 2nd Clans Carriages. — 16 feet by C feet outside ; lougitudinal seats ftw twelve 
passengers. 

K}igine.— Six-whve\od coupled tank engines. Cylinders (inside) 12 inches by 17 inches : wh<t4^ 
30 inches, leading: and trailing, fitted With Caillet's translation apparatus ; wheel base, lU iV-^rt 
9 iuclics ; grate, 2 feet 8 inches by 2 feet 2 inches. 

CARRIZAL RAILWAY, CHILI. 

Qauge 4 feet 2 inches. 

Feet. 

Lengtli of uld line 18 miles fiises 73-4 

1)0. extejision •• 4^ „ „ 820 

22i miles TuUl rise 1.560 

Average gradient over first 18 miles 1 in 129 

Mnxiniuin do. over do. 1 in K8 

Average grmlitmt over extension 1 in 28 

Maximum do. do. 1 iu 25 

CnrrcA. — 373 feet radius and upwards. 

liuiU. — 1 libs. |K'r yard, in 21 feet lengths, fished-flanged. 

Sleej)er8,— Ten to each j»air of rails. Dimensions 8 feet X 6Jin. X 4in. 

Wagons.-— iyome are on 8 wheels, and weigh 6,000U)S. 
Some are «ni 4 do. do. 2,500 „ 

100 t^ns fur weight of wagons, represent 63 tons cargo or net load. 

£n(/mw.— Six-wheele<i coupled tank engines. Cylinders (inside). 12in. x 17in. ; %yhe<fl8, SOin., 
lending and trailing, fitted with Caillet's translation apparatus ; weight iu working 
order, 14^ ti> 15 tons : tank 500 gallons. 

The engines will take a gross load of 125 tons, representing 79 tons of cargo, up 
the first 18 miles, at an avtTage spefsl of 9 miles per hour, and they will take a 
gross l(Nul of 52 tons, representing 32 tons of cargo up tlie 4^ miles extenaiuii, ut 
about 5 miles per hour. 
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things connected with a railway in countries distant from the 
great centres of industry. He had never doubted that the 
Alps might be crossed by a railway. The notion was also en- 
tertained of going over the Andes, and if that were done the 
altitude achieved by Mr. Fell and Mr. Brunlees would be great- 
ly surpassed. There would not be the same difficulty with re- 
gard to the line itself, but the elevation to be readied was 
nearly double. It was found in the investigations of tlie Andes, 
that there would be no necessity to approach an inclination 
anything like that of 1 in 12. In the majority of cases a 
gradient of 1 in 20 or 1 in 25 was the utmost that would be 
required. The line with which he was principally connected 
in Chili was the Valparaiso and the Santiago Railway; and he 
alluded to it more especially because he thought practical re- 
sults could not be too often referred to. The theoretical features 
of a scheme might be discussed; but those who were connected, 
as he had been, with the practical working of railways, as well 
as with their construction, knew that the results of actual ex- 
perience afforded the best guide. He had stated in a Paper 
read before the Institution, that in his opinion it was most 
essential that engines of the ordinary class and all of the same 
class should be used on distant railways abroad. Directly two 
classes of engines on such railways were introduced, the diffi- 
culties in the workshops were quadrupled. He knew instances 
in which an engine of 40 tons had carried a load of 163 tons 
np I in 50 at 10 miles an hour, or four times its own weight 
on the driving-wheels. The maximum gradient on the Val- 
paraiso Une was 1 in 44, and an engine of 37 tons carried 74 
tons load up that at 10 miles an hour, or twice its own weight 
on the wheels. These figures were easily remembered, and he 
had no doubt the effective duty of the locomotive would be 
inereased by improvements in the machinery. He was delighted 
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to hear that a load of 40 tons could be taken up an incline of 
1 in 12, because many expedients had been tried to get over 
the difficulty of so steep an ascent. 

He would now advert to the Copiapo Extension Railway, 
from Pabellon to Chanarcillo, for which Mr. E. Woods, M. 
Inst. C. E., was the consulting Engineer in this country. The 
summit at MoUe was upwards of 4,450 feet above the sea, and 
Pabellon, where the line commences, was about 2,200 feet above 
the same level. It had been in operation since February, 1861, 
and was worked by Messrs. Hawthorn's engines. It was 26 
miles in length, and the cost, including equipment, was £6,500 
per mile. It consisted of three inclined planes, one rising 
2,276 feet in 14| miles, with an average gradient of 1 in 33| 
but for short distances of 1 in 26, and 1 in 28 over a portion 
of the incline. The second was a descending gradient from 
Molle to Pajonales, 1,990 feet in 9^ miles, with an average 
gradient throughout of 1 in 24. On one portion, however, 
there was a gradient of 1 in 20, with curves of 720 feet radius, 
and on other gradients of 1 in 21 and 1 in 24 there were curves 
of 490 feet radius, in some cases reversed two or three tim&s, 
and without any intermediate straight line. The last-mention- 
ed inclined plane was an ascending one, with gradients of 1 
in 34 and 1 in 25, in the direction that the chief loads were 
carried, tlie principal traffic being from the silver mines to the 
coast. He was sent by the government of Chili to determine 
the kind of engine that was best adapted for working such lines. 
The train he took up weighed 57 tons ; it went over the 
gradient of 1 in 20, with curves of 720 feet radius, without 
difficulty. The retardation by the curves was not more serious 
than could be overcome by moderating the weight of the train ; 
and there was never any occasion for the weight to exceed 70 
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tons or 80 tons, as the traffic did not require heavier trains than 
that- The cost had generally to be regarded ia working steep 
inclines ; but in a country like that of which he was speaking 
it did not enter into the calculation, inasmuch as the price paid 
for the transmission of goods was so higl), that almost any cost 
would be more than remunerated by the rate of prices charged. 
The engines had six coupled wheels, 4 feet in diameter ; the 
cylinders were 16 inches in diameter, with a length of stroke 
of 24 inches ; and the fuel burnt was, at the time he spoke of, 
about an equal quantity of coal and coke. The paying load was 
two-thirds of the weight of the train. The consumption of fuel 
was 75|lbs., and of water 66| gallons, per mile. He considered 
one-fourth of the weight on the driving wheels was fairly taken 
up by the engine. 

Subsequently a trial was made on another incline in Chili 
of 1 in 13, over a tunnel under construction, with an engine 
of the ordinary character of those which were being used in 
the country at the time ; but it was found that the ordinar} class 
of en^ne could not be utilized for such a gradient as 1 in 12 
or 1 in 20. He was, however, reluctant to make special ar- 
rangements for a locomotive to work that small portion of the 
road temporarily ; he therefore took a four-wheeled engine off 
its wheels, placed it as a stationary engine on the top of the 
tunnel, and worked the incline by a rope. By that means four 
heavy trains were worked daily; and that during four years, 
with scarcely any difficulty or accident occurring. Such an 
imtance he thought would afford a useful precedent to Engi- 
neers under similar circumstances in foreign countries. 

He would now briefly allude to what was proposed on the 
Mexican Railway, because he had heard some doubts expressed 
as to what an engine would be likely to do on that line. The 
proposition was this : The altitude to be reached ^vas S,40«J 
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feet above the sea ; and for a distance of 23 miles the average 
gradient was nearly 1 in 25, with curves of 350 feet radius 
and there was one length of 15 miles almost continuously of 
this gradient. The engine proposed was a double-tank engine, 
with tender and auxiliary power between. The object of the 
tender was to carry the necessary supply of water, none being 
obtainable at the top of the incline. The water from the ten- 
der was to be first exhausted, leaving that in the tanks to assist 
adhesion in the ascent. He calculated that two engines with 
21 tons on each pair of driving-wheels, or 42 tons together, 
ought to take up a train of 100 tons, independently of the 
weight of the engines ; and that Would be the maximum load 
required, inasmuch as the present traffic amounted to only 
about 80 tons per day. As the rate charged was a shilling per 
ton per mile, the money value of a train of 100 tons for 15 
miles would be <£75, so there was little need to take into con- 
sideration the cost of working such inclines under similar cir- 
cumstances. 

Mr. E. Woods could corroborate what had been said with 
regard to adhesion under favourable circumstances ; and it was 
confirmed by the results of Mr. Lloyd's practice in Chili, 
Table No, 1, page 70, showed the actual work done on the 
railway of which Mr. Lloyd had given a description, and which 
had now been worked by locomotive power for six years. He 
had stated on a former occasion, that this line was not origi- 
nally designed for locomotives, but was intended to be worked 
by animal power. It was so worked for two or three years. 
but the expense caused it to be abandoned, and locomotives 
were substituted. The lightness of the rails (42lbs. to the 
yard) compelled him to design engines in which the weight on 
the driving-wheels should not be greater than those rails would 
stand, and the engine he had designed (Table Ko. 2, p. 70) 
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had outside cylinders, six coupled wheels, 4 feet in diameter, 
▼ith a four-wheeled bogie in front, to pass round curves of 500 
feet radius. The weight of the engine, in working order, was 
32 tons, and that of the tender 25 tons : on the driving-wheels 
it was 24 tons. A comparison of that with the work of the 
engine given in Table No. 3, p. 71, showed that the coefficient 
of adhesion was as nearly as possible one-fourth of the driving 
weight. The climate of Chili was, however, peculiarly favour- 
af»le for working steep gradients. There was very little rain 
at any time, and the rails were almost always in good order. 
The line had been worked four or five years entirely without 
aocident, until about half a year ago, when one occurred owing 
to the breaks not acting. Mr. Lloyd had correctly stated that 
the Chief loads were from the mines to the coast. They were 
carried on a gradient averaging 1 in 23, or 1 in 24, up to MoUe, 
before they could be sent on to Pabellon ; thence they were 
carried along the Copiapo Railway (extending for a distance of 
60 miles) to the coast. The load had on one occasion been 77 
tons, exclusive of the engine and tender, making a total of 134 
tons. Under ordinary circumstances, the weight of the load 
was not more than 50 tons, the total being 107 tons. The 
Tables which he had prepared, independently of Mr. Lloyd's 
oheervations, and without communication with him, were con- 
firmed by that gentleman's personal experiments on the line. 
The speed was necessarily limited in descending : the rule was 
that the trains should not descend at a greater speed than 12 
miles an hour ; but that was sometimes a little exceeded. The 
tTerage speed up and down was about 13 miles an hour. A 
qoeation had been asked as to the relative amount of coke 
and coal used for fuel in working these trains. The proportion 
of coal was greatest. In the first instance coke alone was burnt ; 
then coke and coal mixed together ; and now coal was almost 
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exclusively used. He thought a well-proportioned ' all occu 
pied' engine could take itself up an incline of 1 in 4 with it 
own wheels, if the rails were clean and in good order. 

CGPIAPO EXT?:NS10N railway 18G0. 

Table 1. 

Particulars of Engines, 

Outside cylinders. Six coupled wheels, 4 feet diameter. 

Four-wheeled bogie. Cylinders 16 ins. diam., and 24 ins. stroke. 

Weight of engine in working order 32 tons. 

Ditto tender „ „ 25 „ 

Total 57 

Table 2. 

Loads taken over the line, gradients averaging 1 in 23 and 1 in 30. 
Heaviest train ever taken over the line : — 

Engine 32 tons. 

Tender 25 „ 

57 tons. 
Gross load of wagons and carriages ... 77 „ 

Total weight ... 134 tons. 



Ordinary trains : — 






pjngino 32 tons 


'• 




Tender 25 „ 






•^ 




57 tons. 


Mineral trucks Tare 


11 tons. 




Minerals, &c Nett 26 „ 






37 „ 




Passenger carriages, with 






passengers 


13 „ 









50 „ 


Total ... 


• .. • •. 


107 tons 



Mean speed of train, 13^ miles per hour. 

Heating surface:— 

Fire-box 75 square feet. 

Tubes 926 „ 



Total 1001 



>> 



Area of grate 14;^ square feet, or l-70th of heating surface. 
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Table 3. 

Greatest load taken up gradient of 1 iu 23 = 134 ton^. 

Gravity 971b3. per tou. 

+ friction 12 ,, „ 

Total 109 „ „ 

Traction =. 134 tons x 109lb3. = 14,60fiib3. 
24 tons (= 53,760lbs.) on driving-wheels. 

Coefficient of adhesion = ito-.^ = -:r=- = 027 

53/00 3'/ 

Ordinarv load taken u]), 1 in 23 =» 107 tons. 

Ti-aclion = 107 tons x 109 lbs. = ll,6631bs. 

Coefiicient of adhesion = ^rr^l— = ~rb = 0*22. 

53/60 4'6 

In the 1st case, 

14,606Ibs. traction corres|)onded to a mean pressure in the cylinder of 1141 bs. 

per square inch. 

In tiie 2nd case, 

I],6631bs. traction corresponded to a mean pressure of 911bs. per square inch. 



Extract from a paper read before t/ie Institution of Civil Engineers 
by W. Lloyd^ M. Inst. C E. being a " Description of Sa7i' 
tiago and Valparaiso Railway Chili ; with remarks upon 
Resistances fiom Curves on Railways and upon Coal Burning 
Locotnotives:^ (Vol 23 Page 382— 398.y 

General Description of the Line. 

The railway, for the first 3 miles from the Valparaiso 
station, passes along the coast of the Pacific, crossing its various 
indentations, or cutting through the projections of the granite 
clifl&. This portion is level throughout, and is about 12 feet 
above highwator mark. The line, however, is a series of curves 
of small radius, there being five of 660 feet, one of 750 feet, 
one of 800 feet, one of 818 feet, four of 900 feet, and three of 
1,000 feet. All the exposed parts of this portion of the line 
are defended against the violence of the winter gales by 
massive sea walls, constructed of heavy granite blocks, laid 
diy, at an angle of 2 to 1, and upon these rest a parapet of 
masonry. The sea walls are protected in front by a foreshore, 
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30 feet in width of heavy loose stone, and although on several 
occasions severely tried, have hitherto resisttd perfectly the 
shocks of the seas which occasionally roll in with extraordinary 
violence. At two points, where sea walls would have been 
difficult of construction, the line is carried upon timber bear- 
ings, through which the seas pass ; one of these being 300 feet 
in length, upon a curve 660 feet radius. Upon this coast portioa 
there are nine cuttings from 40 feet to 60 feet in depth, and 
one tunnel, 420 feet in length (the first railway tunnel 
executed in South America), all through syenitic rock, upon 
which lie beds of recent marine shells. It is reported, that 
the whole of this part of the coast, during an earthquake 
in 1822 was permanently upheaved to the extent of several 
feet. The beds of shells are, however, of much more ancient 
date, being met with at an altitude of more than 1,000 feet 
above the sea ; and the upheaval, if such ocurred, must have 
been remarkably uniform, as there remains no evidence of 
such recent volcanic action. 

At the third mile from Valparaiso, the line diverges from 
the coast, and, passing through a cutting of more than 60 feet 
in depth, proceeds along the valley of Vina del Mar for 5 miles. 
Upon this portion the curves are generally good, and the gradi- 
ents never exceed 1 in 100 ; the works also are of minor impor- 
tance, but walls were required, in places, as a protection against 
the floods of the Quillota river, which, although dry in summer, 
is frequently 800 feet wide and ten feet deep in winter. The 
course of tliis river is crossed by a wrought iron plate-girder 
bridges of six 50 feet spans, which was the first bridge upon 
this principle erected upon this coast, and the line leaves the 
Vina dfl Mar Valley, and follows upward the course of the 
Quilpue river. In the two succeeding miles serious difficulties 
were encountered, commencing with a rock-cutting, 90 feet in 
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depth, followed by a long embankment, 30 feet in height, and 

a second cutting, 40 feet in depth ; immediately after which, in 

the next half mile, are four viaducts, each above 60 feet high, 

crossing the Quilpue liver, which here flows with a tortuoua 

course, down a deep ravine, with precipitous sides, about 600 

feet in height. Two of these viaducts have spans of 110 feet, a 

third has two spans of 90 feet each, and the fourth has six spans 

of 66 feet each, the aggregate lengtl) of the four viaducts being 

1,350 feet. These works were at the time of their construction 

by for the largest of the kind yet erected upon the coast of the 

Pacific, and are now only exceeded by the Maquis Viaduct, yet 

to be described All these viaducts are upon a gradient of 1 in 

50, and upon one of them commences a curves of 600 feet 

radius. 

Beyond the fourth viaduct the valley becomes more con- 
tracted, and involved a succession of cuttings from 30 feet to 
40 feet in depth, through a quartoze rock containing gold, which 
is here obtained by washing ; and at one place, a fifth viaduct 
over the same river was requisite, of two spans of 60 feet each 
and 25 feet in height. A short distance beyond this bridge the 
gradient of 1 in 50 terminates, and the line now ascends the 
Quilpu^ Valley as far as tlie eighteenth mile from Valparaiso, 
▼ith gradients in no case exceeding 1 in 90. Upon this part 
the curves are not less than 1,000 feet in radius, nor are the 
works of serious importance. But at the eighteenth mile the 
Aonmit of Lebu is attained, and here there is a cutting, 
partly in rock, f ths of a mile in length, with a maximum depth 
of 40 feet. From this summit, which is 510 feet above the 
Paci6c, the line descends for the next 2| miles at the rate of 
1 in 65 ; but the curves are moderate and the works are light : 
this gradient is succeeded by others of 1 in 90, as far as the 
twenty-fourth mile, at the Limachc River, and upon this latter 
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portion the principal works are a cutting 40 feet deep, Jrd of a 
mile in length, and a timber viaduct often 24-feet spans, 25 feet 
in height* 

The crossing of the Limache River, which in winter is a 
formidable stream, is accomplished by three bridges, together 
500 feet in length, one of which is of wrought iron, and the others 
are of timber. The level of this part of the line is 215 feet 
above the sea. From this point the line again ascends by a 
gradient of 1 in 90, nearly 3 miles in length, upon which is a 
curve ^ a mile long with a radius of 1,000 feet ; and at the 
twenty- seventh mile from Valparaiso the second summit of San 
Pedro is reached, the level of which is 384 feet above the sea* 

At this point the line passes through a spur of the Andes, 
by a tunnel 1,600 feet in length, approached on each side 
by rock excavations, each |rd of a mile in length, and of the 
maximum depth of 60 feet. This tunnel, the chief one upon 
the line, passes for §rds of its length through granite and trap- 
rock, containing much water, the remaining third being through 
decomposed rock and clay. It was considered necessary to 
arch it throughout, and the novelty of such constructions in 
that country, the nature of the material perforated, and va- 
rious legal difficulties connected with it, delayed its completion 
for so long a period, that it was deemed advisable to form a 
provisional line over the summit, by which the traffic was 
opened to Quillota four years sooner than it otherwise would 
have been. This provisional line was worked by one of the or- 
dinary passenger locomotives employed as a stationary engine, 
and by its means 250 passengers and 100 tons of goods were 
daily conveyed over the crest of the hill ; up-inclines of 1 in 
13 and 1 in 15 on each side, and over an altitude of 150 feet 
above the starting point, without the slightest accident during 
the whole period above mentioned. 
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This tunnel presented another peculiarity in the suecess- 
fdl stoppage of a slip which took place at one point. This 
dip was occasioned by the decay of the timbering under the 
wet decomposed rock during the suspension of the works. 
When the works were resumed, the material descended into the 
tunnel as fast as it could be removed, in spite of every attempt 
•to restrain it, until the surface of the ground, 120 feet over 
the tunnel, began to sink. The settlement above looked very 
alarming ; but as it was considerably larger in diameter, than 
the orifice could possibly be below, the following plan was 
adopted and almost immediately took effect. The surface of 
the ground was allowed to settle about 10 feet, and a large 
frame of timber was constructed fitting the aperture, the tini- 
bera crossing one another like lattice work, and being strongly 
bolted together. Upon this lattice frame brushwood was laid 
thickly, and the excavation below was then proceeded with. 
The frame rapidly disappeared, the sides of the cavity above 
the tunnel falling in as it descended ; a short time was allowed 
to elapse, when a second frame of similar construction was 
again inserted above, and this was likewise covered with 
brushwood. Almost immediately after the insertion of the 
second frame, the miners below began to gain upon the slip, 
and at length were enabled properly to insert the timbering. 
It was discovered in doing so, however, that the first frame had 
descended to the tunnel, and had perfectly plugged up the aper- 
ture. This may not have been the first occasion that this plan 
lias been tried, but it is mentioned as a successful instance of 
the stoppage of a slip, which, probably, could not have been 
arrested by any other means. 

Beyond the San Pedro Tunnel, which is upon a gradient 
of 1 in 90, and partly curved, the line a second time descends 
iate the Valley of Quillota, by gradients of 1 in 90 and 1 in 
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25)i, as far as the San Pedro Eiver, which is crossed at the tbif- j 
tieth mile. On this descent there are some rather hearj: 
earthworks ; but after passing the river, the country becomet- 
favourable, and a straight line of 4 miles, ascending at the rate^ 
of 1 in 172, extends to Quillota, an agricultural town of about 
10,000 inhabitants, situated on the bank of the Aconcagua 
River, at a distance of 34 miles from Valparaiso. 

The railway passes through one of the streets of this town; 
and, after leaving it, ascends the Valley of the Aconcagua for 20 
miles, upon the first seven of which no diflBculty of any impor- 
tance was encountered. At the forty-first mile from Valparaiso, 
however, the line approaches the river, the course^of which.it 
follows for the next 13 miles, skirting as closely as possible the 
bases of the abrupt hills which form its southern bank ; and, at 
places, the line is forced into such close contiguity with the 
stream, that extensive walls of loose stone have been rendered 
necessary for protection. The Aconcagua is one of the principal 
rivers of Chili. It rises in the main Cordillera, and takes its 
name from an extinct volcano, which is believed to be the loftiest 
peak of the Andes, rising to an altitude of about 23,000 feet. It 
is not navigable in any part, and having, almost throughout, a 
fall of forty feet to the mile, its current is extremely rapid ; and 
during rain-storms, and also in the summer season, when the 
snows are melting, the body of water flowing along it is very 
imposing, although at other times insignificant in volume. 

With the exception of the protective walls, in the construc- 
tion of which a large quantity of rock from the hill slopes in the 
vicinity was used, the remaining works have no claim to any 
particular notice ; but in passing round some of the spurs of the 
hills, a few curves of 600 feet radius became indispensable ; these 
all occur on moderate gradients, and the principal portion of this 
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extent of line is straight, ascending at the same rate as the 
valley itself. 

-At the fifty-fourth mile from Valparaiso, the line diverges 
finom the bank of the Aconcagua Biver, and a^K^ends the Valley 
of Tahon, crossing the Vichiculen River, by a skew plate-iron 
bridge of three 50 feet spans, at an angle of 29^ ; upon the first 3 
miles in this valley the line is straight and the gradient mode- 
rate, untU the Station of Llaillay is reached, at which point tiie 
Tabon Incline commences. 

The Tabon Incline. 

The entire length of this incline is 63,347, feet, or nearly 12 
miles. Its altitude at the commencement is 1,280 feet, and its 
summit is 2,640 feet above the sea. It therefore rises 1,360 feet, 
or at the average rate throughout of 1 in 46^. It commences 
with a gradient of 1 in 100, for 1,700 feet in length, which is, 
ibr the most part, upon a curve of 1,495 feet radius ; the ascent 
for the next 1,800 feet is increased to 1 in 48, on which gra- 
dient there is a continuous curve of 1,719 feet radius. The in- 
cline now continues with a diminished ascent of 1 in 68 for a 
length of 2,800 feet ; here occurs the first curve of the mini- 
mum radius of 604 feet, and at the termination of this gradient, 
and upon the same curve, the maximum acclivity of 1 in 44| 
commences. This maximum gradient of 1 in 44|, or 120 feet 
per mile, extends over the succeeding 3^ miles, and upon it 
occur sixteen curves of 604 feet, one curve of 633 feet, and one 
of 702 feet radius ; the aggregate length of the curves combined 
with this gradient amounting to more than 1 ^ mile. 

It is upon this incline that the principal difficulties of con- 
struction were met with. The Valley of Tabon terminates in 
a goige, with perpendicular cliffs on both sides ; through this 
gorge flows a small mountain stream, the bed of which descends 
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with such rapidity, that the line to attain the upper part of the 
gorge, has been so carried long the abrupt and rugged sides of 
the mountains, as gradually to arrive at the required altitude. 
The railway, therefore, runs along the face of the mountain 
about 300 feet above the valley, and the rocky cliffs, in places, 
beetle over at an altitude of nearly 1,000 feet. 

The works on this portion of the line consists of two tun- 
nels through porphyry, respectively 500 feet and 350 feet in 
length ; several heavy retaining walls, one 40 feet in height ; 
a number of embankments from 30 feet to 80 feet in depth^ 
and a succession of deep rock excavations. At one point, the 
line, for one half its width, is in a cutting 70 feet deep, while 
the remaining half is formed of embankment, the slope of 
which extends down the hill side to about 250 feet below the 
rails. It was of course indispensable that the seats of all such 
embankments should be ' benched.' In addition to the ordinary 
excavations, a large number of loose rocks upon the hill sides 
required removal, lest the movement of earthquakes should cause 
them to descend, as on more than one occasion during the 
progress of the works similar rocks had been observed to do. 
In the execution of this part of the line, about 3,000 men, 
chiefly miners, were employed for two years ; aud a large 
quantity of gunpowder was used blasts of 10 cwt. or 20 cwt. 
of powder being frequently employed. 

Succeeding the gradient of 1 in 44j^ just described, is a 
gradient of 1 in 46 for J a mile, the greater part being upon 
curves of 604 feet radius, and upon this gradient and curve are 
some heavy rock cuttings, in addition to the Maquis Viaduct 

The Maquis Viaduct is the principal work of its kind yet 
erected upon this coast. Its altitude in the centre is 126 feet, 
and its total length is about 200 yards. It has one span of 
148 feet, and four spans of 100 feet, the former being tubular, 
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the others formed of plate-iron girders. The piers coasist of 
east-iron columns, braced with wrought iron, and resting upon 
masonry. The arrangement of the columns is somewhat novel, 
and the upper part of the piers is formed of a boiler-plate en- 
tablature, which has a good appearance, and affords great stiff- 
ness to the piers. The whole of the ironwork for this viaduct 
was obtained in England, Messrs. Xennard suplying the piers, 
and the ^ Canada Works' the tube and girders. The best evi- 
dence of the excellence of its manufacture, is that the whole 
was erected in three months. The total weight of iron in this 
rtracture is about 750 tons, and the total cost of the viaduct, 
erected, amounted to about £40,000 or £66 per lineal foot. 

The line, after passing this viaduct, immediately enters 
another tunnel^ 350 feet in length and the gradient again as- 
cends at the rate of 1 in 44^ for a distance of rather more than 
a mile; the curvature, however, is less abrupt, the radii of the 
aharpest curves being respectively 718 feet and 955 feet. The 
works upon this length are still heavy, consisting of deep side- 
long rock excavations and embankments, with three plate-iron 
bridges over the Tabon Kiver. Beyond this portion, a gradient 
of 1 in 46 extends for 3,800 feet. About one- third of this part 
of the line is straight ; the remainder consists of curves varying 
from 800 feet to 1 mile in radius. 

The incline now ascends, at the rate of 1 in 45, for 2 miles, 
flie greater part of which is straight, and then is continued for 
1,800 feet by a gradient of 1 in 50, on which are two curves of 
66i$ feet and 717 feet radius respectively ; and from the extre- 
mity of this gradient to the summit of Montenegro, a distance 
of 3 miles, the ascent is uniformly at the rate of 1 in 45 ; the 
curvature upon the latter being more moderate, most of the 
carves exceeding 1,400 feet in radius, and none being of less 
la^us than 819 feet. 
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Upon the latter 5 miles of the incline, the works, except- 
ing the summit cutting, which is 1| mile in length, and on an 
average 30 feet deep, are not of an arduous description ; but the 
material is, more or less, the same throughout, a tough porphyry 
conglomerate, exceedingly troublesome to blast. 

Out of the total length of 12 miles of the Tabon Incline, 
6io miles are curved, and upon all the curves of less than 1,000 
feet radius, it has been deemed prudent to lay a guard rail on 
the inner side of the curve. The permanent way is formed of 
fijshjointed "J" rails 841bs. to the yard, fastened to sleepers of two 
kinds of native timber, a species of cedar called ' Alerce/ and 
a cypress. The distance from centre to centre of the sleepers 
is 3 feet, the rails being fastened to them by wrought-iron 
spikes, weighing half a pound each. 

The descent towards Santiago from the summit is effected 
for the first 3 J miles, with an inclination of about 1 in 80, the 
curvature being favourable, and the works light ; a short interval 
occurring upon this distance of 1 in 300, for the establishment 
of the summit station. To this gradient succeeds one of 1 in 
183, for 2 miles in length ; upon this distance, and indeed as 
far as the seventy-eighth mile from Valparaiso, the alignment is 
altogether favourable. 

At this point, however, commences the third principal diffi- 
culty — the passage through an exceedingly deep and tortuous 
ravine 4 miles in length called ^ San Ramon.' Upon this portion, 
there are three iron bridges over the River Lampa, and a con- 
tinued succession of heavy earthworks, and extensive river 
walls, the aggregate length of these bridges is 800 feet, one 
being 40 feet in height, the two others are not more than 20 
feet high, but both are askew, with angles of 30^. Two of 
the excavations approach 100 feet in depth, both in syenitic 
rock, similar to that encountered near Valparaiso, and many of 
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the other cuttings reach the depth of 50 feet. The gradients 
upon this portion are respectively 1 in 55, 1 in 60, 1 in 71, 
1 in 75, and 1 in 100, and upon the maximum gradient of 1 in 
65, there are reversed curves of 600 feet and of 700 feet radii, 
extending throughout its entire length, for about one mile. 

Beyond the ravine of San Ramon, which terminates at the 
eighty-second mile from Valparaiso, the country becomes more 
open, and the line is enabled to pursue a more direct course. 
KeYertheless, in passing the village of Tiltil, and in approach- 
ing Polpaico, the rapid declivity of the valley necessitated the 
introduction, in one or two cases of gradients of 1 in 67 and 
1 in 72 ; the works at this part are exceedingly light, and the 
material consists chiefly of gravel. 

At Lampa, where there is a station, the line again crosses 
the river of that name, by an iron bridge of eight spans of 50 
feet each, and thence, as far as the ninety-third mile, there are 
DO works of importance, except a bridge of two 66-feet spans 
over the Chacabuco River. 

Just beyond the ninety-third mile from Valparaiso, the 

line leaves the valley of the Lampa, and traversing a low range 

of hills with a cutting about 30 feet deep in shale, descends for 

the extent of one mile at the rate of 1 in 52, into the valley of 

Santiago, near the Batuco Lake, which is crossed at the ninety- 

fiixth mile. The lake is at this point nearly a mile in width 

after rains, but is of little depth ; the line is carried across it 

by an embankment having its slopes protected against the wash 

of the water by loose stone. From the embankment to the 

one hundred and eighth mile, the line is throughout straight, 

and practically level ; nor in the remaining six miles to Santiago 

was any particular difficulty encountered, except in passing two 

points at Renca, of basaltic rock, and in crossing the Mapocho 

Biver by a bridge at the entrance to the capital. The bridge 
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consists of three spans of 1 00 feet each, supported upon cast- 
iron cylinders 6 feet in diameter, let into the bed of the river 
to the depth of 23 feet, and afterwards filled with concrete. 
This system of foundations, employed in this case for the first 
time on the coast, has been universally admitted to be the best 
adapted, and most economical for bridging the rivers in Chile, 
on account of their rapid currents and frequent liability to 
floods. 

The termination of the Santiago and Valparaiso Railway 
in the capital, is at an extensive station, serving also for the 
' Southern Railway of Chile', a line now in operation for 84 
miles through the most fertile provinces of the country, and 
which it is proposed to extend ultimately as far as the frontier 
of Araucania. 

This detailed description of the principal features of a 
Chilian railway, may, it is believed, be of interest, to those who 
are called upon to exercise their profession in countries such 
as that under notice ; and the Author entertains more confidence 
in this respect, because descriptions of similar cases, recorded in 
the Minutes of the Proceedings of the Institution, have afforded 
him previously much valuable data. Nor can he forget, that 
it was chiefly through the advice and council of the late Robert 
Stephenson, and by the encouragement of other friends con- 
nected with the Institution that he has been enabled to carry 
out successfully a laborious and diflScult task. 

Particular stress has been laid upon . the combination of 
steep gradients with abrupt curves, because in countries like 
Chile, railway communications cannot be effected without them, 
and any practical data respecting them cannot fail to be of 
value. In the published account of the Bhore Ghat, the 
Semmeiiug, and other principal inclines, this information is 
not given with sufficient distinctness, to afford accurate con- 
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eLusions, as to the positive impediments offered to the traffic of 
those lines ; therefore, appended to the Paper is a list,^ 
Qontaimng the lengths of every curve and straight line upon 
the Tabon Incline, specifying the gradient upon each. 

The subject of the resistance due to such combinations, is 
of the utmost importance, and will probably bear much more 
investigation than has hitherto been devoted to it. American 
Engineers, such as Latrobe, who have had great experience 
upcm this point, appear to underrate the effect which curvature 
podaoes in retarding the passage of trains. English authori- 
ties differ materially in their views upon the matter, and a 
recent writer gives two formulae for arriving at an estimation 
of this resistance, which are perfectly opposed to one another 
10 that reliable data seem yet to be wanting. A few imperfect 
eq)eriments made by the Author, upon the Paso Hondo Incline 
of 1 in 50^ with curves of 600 feet radius, and upon the level 
line nearer Valparaiso, with similar curves, although not 
presented as more than mere approximations, to the truth, may 
it least afford matter for discussion. 

The experiments were made with a dynamometer, con- 
fltnicted in Chile for the purpose, similar to a spring-balance in 
ifs form and arrangement ; but of only sufficient power to 
ouible the experiment to be made with one loaded wagon, an 
ordinary four-wheeled open goods wagons, having wheels 7 feet 
qurt, and weighing when empty 8,2001bs. For the purpose 
tf tills experiment it was loaded with pig-iron, until the gross 
weight amounted exactly to 10 tons. It was then drawn at a 
fiffw rate by a locomotive, so as to enable the observers to note 
the effect. The observations were taken upon a calm day. 



* This list may be consulted at tht; Institution. 
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Resistances to Railway Tbains, in lbs. per Ton of Train. 
On Straight Linos, Level, and Inclined. 



If Curved 




Friction, 




Resistance 


Total of 




or 


Gradient. 


Concus- 


Gravity. 


from 


Resist- 


Observations. 


Strnj-ht. 




sion, &Q. 




Curvature. 


ances. 








lbs. 


lbs. 


lbs. 


lbs. 




Strtti;;1it. 


Level 


10 


• •• 


• • • 


10 


Satisfactorr. 




I in 500 


10 


2i 


■ t • 


12^ 


Moderately good. 




1 in 875 


10 


5 


• • • 


15 






1 in 250 


10 


5 


• •• 


15 


Imperfect. 




1 in 200 


10 


10 


• ■ • 


20 


Hatisfactory. 




1 in 180 


19 


10 


• ■ • 


20 


Fair. 




liu 114 


10 


20 


• • 


30 






1 in 111 


10 


25 


• • • 


35 






1 in 100 


10 


20 


• • ■ 


30 


Satisfactory. 




lin 50 


10 


40 to 45 


■ • • 


50 to 55 





On Level Lines and Curved. 



Radius. 

feet. 

660 

H80 

OOP 

1000 

laoo 

1 mile 



Level. 






10 




15 


25 


10 




U 


17i 


10 




10 


20 


10 




10 


20 


10 




^ 


13 


10 




2i 



On Inclines and CurvM combined. 



Itvlius. 

feet. 

600 

1000 

1500 

600 

1000 

800 

l.'JOO 

:;ooo 

2000 
5280 



lin 50 
1 in 50 
lin 50 
1 in 100 
1 in 100 
1 in 100 
lin 100 
1 in 100 
1 in 200 
1 in 875 



10 


45 


15 


70 


10 


45 


10 


65 


10 


45 


5 


60 


10 


20 


15 


45 


10 


20 


10 


40 


10 


20 


10 


40 


10 


20 


5 


35 


10 


20 


m 

O 


. 35 


10 


10 


5 


25 


10 


2i 


2k 


15 



It will be noticed that some of these results are slightly 
contradictory ; but the approximations to the ever- varying indica- 
tions of the dynamometer, as observed by two persons, are the 
closest that could be made. According to such experiments, 
it is apparent, that upon a straight line, with a gradient of 1 in 
50, the resistances correspond with those afforded by the ordi- 
nary mode of calculation, viz., about 551bs., per ton of train ; 
while upon the same gradient, combined with curves of 600 
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feet radius, the resistances were augmented to 701bs, per ton of 
train; showing that the additional resistance, due to the curva- 
ture, amounted to 15lbs. per ton of train. By the formula of 
Latrobe, the resistance due to a curve of 600 feet radius, would 
amount only to about one-third of the above result, viz. 5'091b3- 
per ton of train ; while Professor Rankine (in his " Civil Engi- 
neering," 1862, p. 648) approaches much closer to the results 
of these experiments, as his calculation would give 12'3lbs. .per 
ton of load, which seems to be much nearer the truth. 

These experiments would appear to show that, upon a 
curve of 1,000 feet radius, the resistance is double that upon a 
straight line, and that the resistance produced by a curve of 
600 feet radius is equal to the gravity on an inclined plane of 
lin 150. 

Approximately, the resistance due to curvature may be 
found by either of the two following rules : — Divide the num- 
ber of lbs. in a ton by 0*224 of the radius of the curve; or, 
multiply the deflection angle of the curve by 1'75 to give the 
resistance in lbs. per ton of train due to curvature. 

It should be remarked, however, that the gauge of the line 
<m which these experiments were made, is 5 feet 6 inches, and 
tiiat the proper super-elevation of the outer rail had been given 
to tihe curve. 

The plant employed upon the Santiago and Valparaiso 
Bailway is upon the European system, the engines and most of 
the other rolling stock having been obtained from England. 
The engines are at present of two classes, ordinary six-wheeled 
ptnenger and good engines, four wheels being coupled ; but 

apecial engines have been ordered for the Tabon Incline. 
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The dimensions of the engines now in use are as 
follows : — 











Passenger Engines. 


Goods Engines. 


Length of fire bars 
Width of ditto 


••• «•« ••» 


3 ft. 6 ins. 


3 ft. 6 ins. 








3 ft. 9 ins. 


3 ft. 9 ins. 


Surface of ditto 








1312 sq. ft. 


1312 sq. ft. 
193 


Number of Tubes 








161 


Length of ditto 

Inside diameter of ditto ... 








11 ft. 6 ins. 


11 ft. 6 ins. 








If ins. 


If ins. 


Fire-surface of ditto 








848 sq. feet. 


1,016 sq. ft. 


Heating surface of fire-box 








74 sq. ft. 


78 8q.ft. 
1,094 sq. ft 


Total fire*surface 








922 


Inside diameter of boiler... 








4 ft. 2 ins. 


4ft.2iu. 


Quantity of water in ditto 








730 gals. 


730 gals. 


Pressure of steam in boiler 








110 lbs. 


12Ulb8. per sq. in. 


Steam cut off in -cylinder 








f 17, 16, 13, 10^ 
1 8j,6,3,ias. 


17, 16, 13, 104, 
8i,6,3.iiis. 
164 ins* 


Piaraeter of cylinder 








16 ins. 


Length of ditto 

Stroke of piston 








26 ins. 


28 ins. 








22 ins. 


24 ins. 


Diamcti'rs of leading and driving wheels 






6 ft. 


4 ft. 6 ins. 


Ditto of trailing ditto 


• • • •• • 






3 ft. 


3 ft. 


Gauge of rails 


• • • •• ■ 






6 ft. 6 ins. 


5ft.6iiis. 


Centres of wheels, leading to 


driving ... 






8 ft. 


8 ft. 


Ditto, driving to trailing... 


• •• ••• 






6 ft. 6 ins. 


5 ft. 6 ins. 


Extreme centres 


••* ••• 






13 ft. 6 ins. 


13 ft. 6 ins. 


Width of tires 


••« ••• 






6 ins. 


Sins. 


Incline of tires 


••• ••• 






Iin6 


Iin6 


Weight on leading wheels 


• • • •• • 


• •• ■ 1 




20,066 lbs. 


24,000 lbs. 


Ditto on driving ditto... 


*•« ••• 






24,000 lbs. 


26,00o lbs. 


Ditto on trailing ditto... 


• • • • • • 






9,016 lbs. 


9.016 lbs. 


Ditto, Engine empty ... 
Ditto, tender ditto 


•• • •• • 






63,081 lbs. 


69.016 lbs. 


••• •• • 






18,6^»0 lbs. 


18,600 lbs. 


Water in .tender 


• •• •« • 






1,000 «Us. 
2,000^8. 


1,000 gals. 
2,000 lbs. 


Fuel in tender 


••• ••• 







The fuel employed is exclusively native coal, from the 
mines of Lota, a port about 300 miles south of Valparaiso. 
The engines were originally intended to bum coke, but Mr. 
Mather, the Locomotive Superintendent of the line, at a trifling 
expense, not exceeding £5 each, has, by skilful adaptation, 
fitted them for using coal, and effected an economy in the cost 
and consumption of fuel of about 30 per cent. The alterations 
consisted in placing in the fire-box a firebrick bridge in front 
of the tube-plate, just below the level of the tubes; underneath 
this were introduced two hollow stays in the front of the fire- 
box, to admit air. A deflecting-plate was likewise added for 
the fire door, which is made to ship, or unship at pleasure; 
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and an annular steam-jet was introduced within the chimney, 
the exhaust-pipe being cut down, at the same time, to a level 
of 1 inch above the top row of tubeg, leaving its diameter 5 
inches. In addition to these alterations, the fire-bars were 
lowered 5 inches (leaving them 28 inches below the tubes), and 
were brought much closer together. The effect of the altera- 
tions has been most satisfactory. Formerly the fuel employed 
was one-quarter English coke, at 1 6 dollars per ton, and three- 
quarters Chile coal, at 9 dollars per ton ; and the average con- 
sumption per mile, with light train, was 9 4 libs, coke, and 
26*15lb8. coal = 35'56lbs. fuel per mile ; and the expense per 
mile was 17 cents, or S^d. The consumption at present, of 
ooal only, is 35'801bs. per mile for goods engines, and 22*861bs. 
per mile for passengers engine, or an average of 29'831bs. per 
mile of fuel ; and the cost of coal in Valparaiso being taken 
at 9 dollars per Chile ton of 2,200lbs., as before, the expense 
per mile run is, for passengers engines, 9 cents, or 4|cZ., and for 
goods engines, 14 cents, or Id.y the average being 11| cents 
per mile, or 5|e/. 

This economy has no doubt, however, been materially as- 
sisted, by the application of a jet of water from the boiler upon 
the flanges of the leading wheels of the engines, which has 
enabled them to pass round the sharp curves of the line with 
great ease. The coning of the engine- wheels has also been in- 
creasedy from 1 in 7 to 1 in 6, with great advantage, not only 
to the working of the engines, but to the permanent way. 

The total number of miles run by the nine engines in use 
during the month of October, 1863, amounted to 22,164 ; the 
greatest number of miles run by any engine, is, 3,445; and the 
whole of the engines have been in use from seven to eight years. 

The duty that the engines of this line can perform will 
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be best understood by the following notes of trains conveyed 
up the Paso Hondo, Tabon, and San Kamon Inclines:— 

Observation 1st. — Train with 16| inch cylinder goods en- 
gine, up Paso Hondo Incline, gradient 1 in 50, with curves of 
600 feet radii. 

lbs. tons. 

8 American platform cars, weighing.,, 113,136 
400 rails, 21 feet long, 84lbs. per yard... 23 5,2 00 
Timber, &c 17,520 



Weight of train 365,856 = 163-33 

„ engine 89,616 = 40-00 



Total weight ,,.455,472 = 203-33 

Velocity of train, 10 miles per hour, or 880 feet per minute ; 
the resistance, by experiment, for incline and curve being 701b8. 

per ton : — 

70 X 203-33 X 880 ^„^ „ i> 

33000 = ^^^ ^- ^• 

Tractive force exerted, 70 x 203-33 = 142331bs., or rather more 
than one-fourth of the weight on the driving-wheels of the 
engine. 

Observation 2nd.— Train with 15-inch cylinder passenger 
engine, up Tabon Incline, gradient 1 in 44, with curves of 600 

feet radii. 

lbs. tons. 

2 first class passenger carriages occupied ... 39800 

3 second,, „ „ ... 63960 

Goods van 20720 

Horse bqx... ... ... 12900 

1 loaded wagon 22000 

1 empty „ ... ... ... ... 8000 



Weight of train 167380 = 74-72 

„ of engine 83681 = 37*35 



Total 251061 = 11207 
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Velocity of train, 10 miles per hour, or 880 feet per minute ; 

resistance for maximum gradient and curve, TTSlbs. per ton j 

Ti.^«77-5 X 1 12-07 X 880 ooi tt t> 
^^^^ 33000 = ^^^ ^- ^• 

and 77-5x1 12-07 = 8685lbs. the tractive force exerted, which 

is about one-fifth of the weight upon the driving-wheels of the 

engine. 

Observation 3rd. — Train with 15- inch cylinder passenger 

engine, up San Ramon Incline, maximum gradient, 1 in 55 

with curves of 600 feet radii. 

lbs. tons. 

4 firbt-class carriages ... ... ... 62800 

3 third „ „ ordinary 43800 

1 break van ... ... ... ... 14000 

1 third-class carriage, bogie trucks ... 25000 

Luggage ... ... ... ... ••• 8400 

450 passengers 63600 



Weight of train 217600= 97-14 

„ of engine 83681 = 37-35 



Total weight 301281 = 134-49 



Velocity of train, 10 miles per hour, or 880 feet per minute ; 
resistance for maximum gradient and curve, 67'41bs. per ton ; 

Then^^'^X^3^'^^X«80 = 241 H. P. 

33000 

and 67*4 X 134-49 = 90641bs. the tractive power exerted, equal 
to rather more than a fifth of the weight upon the driving- 
wheels. 

From these observations it appears to result, that the 
ordinary class of passenger engines, upon inclines of 1 in 44, 



90 

with curves of 600 feet radii, can convey a gross weight of train 
equal to about double their own weight ; that similar engines 
up inclines of 1 in 55 with curves of 600 feet radii, can convey 
rather more than two and half times their own weight ; and, 
finally, that one of the present goods engines of this line has 
taken up a gradient of 1 in 50, contained with curves of 600 
feet radii, a gross weight of train equal to four times its own 
weight. 

At first, in working the Tabon gradient, considerable in- 
convenience and loss were caused, by the burning of the break- 
blocks of the tender. A remedy was applied by allowing water 
to drip upon them, and being successful, the drivers were led to 
try the plan of wetting the rails in ascending the inclines, after 
the engine had passed, so as to ease the train round the curves. 
The effect proved so satisfactory, that all the tenders are now 
being fitted with a perforated pipe underneath on each side, so 
that the outer rail of the curves can be sprinkled with water, 
and the resistance be thus reduced. 

The traffic of this railway, so recently opened, is of course 
yet undeveloped, but its prospects are encouraging ; and 
although the expense of its construction has been heavy — the 
cost of the entire line having amounted to nearly 11 1 millions 
of dollars, or about £20,000 per mile, inclusive of rolling 
stock yet there is a confident expectation that its results will 
be satisfactory to the country. 

The present traffic returns are 23,192 passengers of all 
classes and 5,000 tons of goods monthly. The receipts amount 
to 54,168 dollars, so that a return may be expected of about 3 
per cent, or 4 per cent., after paying expenses. This amount 
of profit may be considered sufficient, as the object of the 
Government is to afford the utmost facilities for the transport of 
goods in this part of the republic, and a moderate tariff has been 
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established, so as to bring the benefit within the reach of all, 
and to distribute the advantages as much as possible. The 
passenger fares are, for first class, at the rate of 2^d. per mile. 
For second class, l|rf. per mile, and for third class, l|rf. per mile. 
For goods there are three classes, the highest being at the rate 
of Sd, per mile per ton, and the lowest at the rate of 2d. per 
mile per ton. Of course, it must be obvious that upon such a 
line, and in a country where fuel, stores, and skilled labour are 
90 expensive, these rates would be completely unremunerative, 
bat for the position the Government occupies in the under- 
taking. 

The length, cost, plant, and consumption of fuel of the 
railways of Chile, are shown in the following table : — 



Kime of Line.^ 



SntiagD and Valptniso 

BWiuCTU .••......• 



Length 

in 
Miles. 



Oqnpo ... 

fhaiairfUft 
CbfOBbo 



ToCtb 



Cost of 

Construction, 

without 

PUnt. 



114-32 
83-50 

7415 
2600 
40-25 



338-22 



DolUra. 
10,734,798 
5,606,281 

2,960,183 
1,000,000 
1,040,000 



Plant. 



En- 
gines. 



21,341,262 



10 
10 

14 
2 
5 



Car- 
riages. 



41 



36 
37 

11 

18 

6 



Wag. 
ons. 



108 



135 
154 

166 

81 

102 



Fuel and Confmrnption 
per Mile. 



638 



lbs. cents. 

Coal 29-83 cost 11^ 

Wood 63-50 „ 13-61 

f Coke 4719 ) 
(Wood 1-74 J 

Coke 67-73 
Coal 3100 



„ 43-19 
„ 85-00 



14-00 



It will be noticed, that the Santiago Railway is worked 
more economicaly than the others. The difference in the 
expoDBe upon the Chanarcillo line is due, in a great measure, 
to its exceptional features. It was originally constructed for a 
kone tramway, and therefore has inclines of 1 in 33 for 14^ 
iiileB, and 1 in 24 for 9 miles, and it attains an altitude of 
4,400 feet above the sea. It is now, however, worked by loco- 
aotiTeSi conatructed by the Messrs. Hawthorn. 



92 

Among the general characteristics of the country through 
which the Santiago and Valparaiso Railway passes, there is 
much that is attractive and interesting to the general observer. 
Gold, silver, copper, and plumbago are met with at various 
points, and the primary volcanic and basaltio rocks are especially 
well represented. Of the vegetation, the priacipal objects to 
be noted are cocoa-nut palms, cacti, the prickly pear, the wild 
fuchsia, myrtle, and verbena ; also the wild potato, artichoke, 
mint, sage, and other well-known herbs. In natural history, 
there is an ample field for study ; whales, pelicans, seals, and 
penguins are seen upon the coast ; wild swans, geese, and 
flamingoes are met with at the Batuco Lake ; and, among the 
rocks of Tabon, the noblest specimens of the condor, together 
with the diminutive humming-bird, may be seen ; while eagles 
and vultures are common ; and at times, but only during severe 
weather, the puma and guanaco (the latter a mixture of the 
lama and deer), have been observed upon the line. 

The social contrasts presented by this railway, are equally 
interesting. The most primitive means of transport — the pack- 
horse, or mule, and the hide drawn along the ground by 
bullocks — are here side by side and in competition with the 
most recent forms of locomotion ; the earliest and rudest form 
of plough is employed in the same field with the most modem 
thrashing machine ; while sun-dried bricks (the clay kneaded 
by the feet of bullocks), are manufactured in close vicinity to 
one of Clayton's machines worked by steam-power. 

In conclusion, the Author will briefly call attention to the 
main results of the experience afforded by this work. 

With reference to the means for resisting the effects of 
earthquakes, it is believed that by fish-jointing the permanent 
way, more security has been obtained. A few years since, a 
portion of the Copiapo line, where it passed over swampy 
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ground, completely disappeared, and the rails were lost. The 
pennaneDt way, in that instance, was spiked to transverse 
sleepers, and the joints rested in plate-iron chairs, and were 
readily disconnected. 

In bridge constructions, lofty piers of masonry have been 
avoided, and ironwork substituted ; brick arches, for the same 
reason, have been considered inferior to plate-iron girders, as 
being more liable to disturbance by sudden shocks. All abut- 
ments of bridges, or retaining walls, have been constructed with 
lettering sides ; extra thickness of work has been allowed, and 
bond courses of ashler have been introduced at frequent 
intervals. 

By the employment of native fuel, not only considerable 
economy has been effected, but the superiority of Chilian coal 
has been manifest over the English coal, as introduced into the 
eountry. Its qualities for the production of steam are beyond 
aU doubt ; but, though highly iDflammablC; it requires so large 
a supply of atmospheric air for its perfect combustion, that the 
fire-doors of the locomotives are never closed. 

The application of the hot- water jet upon the leading 
vheels of the engines, has so facilitated their passage round 
corves, that, provided sufficient play be allowed to the trailing 
Theels not only is the resistance diminished^ but the tires are 
preserved, and bogie trucks, with all their various incon- 
T^enoes, seem to be unnecessary. 

Again, the application of moisture to the rails from the 
tender, in passing round abrupt curves upon steep gradients, the 
nils far the engine remaining dry, reduces the resistance due 
to curvature in a sensible and important degree ; and by the 
flune means the break-blocks, in descending inclines, can be 
prevented from igniting. 
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An attempt to adapt screw piles as foundations for a bridge 
upon a quicksand, was unsatisfactory in its results, it having 
been found impossible to force the pile down to a sufficient 
depth, in consequence of the sand becoming jammed in the 
screw. Cast iron or timber piles had therefore to be substituted. 

Similar long and steep inclines to the Tabon, combined 
with curves of 600 feet radius may be introduced without 
hesitation when necessity requires their adoption ; even with- 
out any extraordinary and special locomotive arrangements 
being requisite, until the augmentation of the business of the 
line demands it. 

These remarks are presented in the belief, that it is only 
from the comparison of practical results, with the experience 
of others^ that the true principles which should govern the 
Engiiie<3r in the formation of his plans can be ascertained ; and 
also as a slight acknowledgment of the advantages derived by 
the Author, from the publication of similar information by the 
Institution. 






The Paper is illustrated by a map of Central Chile, showin 
the Santiago Railway ; by complete plans and sections of the 
entire line ; by a plan and section, to a small scale, of the Tabon 
In<:line ; by a drawing of the Marquis Viaduct ; and by various 
photographic views ; as well as by an Appendix comprising a 
Table of the straiglit and curved lines upon the Tabon Incline, 
with the gradients upon each. 
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(Extract from Engineering 26/A November 1869, Page 355 J 

SoMKTHiNQ New in Locomotives. 

In our number for April 2nd, 1869 page 232, under the 
heading of " Higher and Higher'' we stated that " Mr. Thomas 
Harrison, one of the concessionaires of the Cerro de Pasco 
Railway of South America, has lately visited England. His 
line will have a summit 14,200 feet above the sea, or nearly 
the elevation of Mont Blanc. Approaching from the sea in 
the direction of the line there are 36 miles of road through and 
over mountains and precipices, and along which only mules can 
travel. How are the locomotives to be carried over this road ? 
Every thing, it would seem, should be carried in pieces, the 
boiler separated from the fire-box, the tubes in a fagot by them- 
selves, &o. Some clever scheming will be required.*' 

The solution of this problem was entrusted to Messrs. 
Manning, Wardle^ and Co., of the Boyne Engine Works, 
Leeds, whose reputation as designers and builders of light 
locomotives for special purposes is well known. The line is 3 
feet 6 inches gauge, and is laid with flange rails of 45lb. per 
yard; the radius of the sharpest curve is 800 feet, the steepest 
incline is 1 in 37, and greatest gross load about 80 tons, so that 
the duty to be performed by the engines was not so exceptional 
as the diflBculty of transporting them for some 70 miles (not 36 
as above) upon the backs of males over the Cordilleras of the 
Andes mountains. The maximum weight allowed for any one 
piece or package was 300lb., and no object was to exceed 7 
feet in length. The engines have outside cylinders 1 2 inches 
diameter, and are carried upon six wrought-iron coupled wheels 
with steel tyres ; the tanks are of the *^ saddle" from resting 
upon the boiler barrels. 
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As we expected, " some clever scheming'' has been 
roqiiircd to conform to the stipulated weights, of course the 
boilers, tanks, frames, and wheels, and in fact all heavy parts 
go out in pieces ; for instance, the cylinders and steam chests, 
usually cast in one, are in this case made in five pieces, the 
flames are made in sections, and the wheels, tyres, and axles 
are all separate. Messrs. Manning, Wardle, and Co., have also 
constructed a fixed workshop engine, and boiler, together with 
a wheel lathe, drilling machine, lathes, blowing fan, and smith's 
hearths and tools. In this case the maximum weight allowed 
was only 1501b. for each package. This necessitated the fast 
headstock of the wheel lathe being made in no less than 
fourteen pieces, and yet thesie are so contrived that an ordinary 
observer would not notice anything special about it. A staff of 
boiler makers and fitters in charge of a leading erector have been 
engaged to go out to Peru to erect the engines on their arrival. 
So far as we know, these are the first locomotive engines which 
have been sent out from this country in such small pieces. They 
have been entirely designed and built by Messrs. Manning, 
Wardle, and Co., and have given every satisfaction to Mr. 
Edward Woods, the consulting engineer to the Cerro de Pasco 
Eailway. 

RAILWAYS IN NORTH AMERICA. 

Remarks hy Mr. Zcrah Colhum^ after the reading of tlie paper 
at the Inst. C. E,, hy Captain Tyler^ R. E.j on " The 
Festiniog Railway^^ ( Vol. 24, p. 386.y 

Mr. Zerah Col burn said this Paper raised the question, 
how bmall could a locomotive be made to give practically useful 
work ? In 1852 the contractor for a portion of the works on 
the Great Western Railway of Canada employed the steam 
excavator, which no doubt many present had seen in former 
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days on the Eastern counties line. For that purpose he 
proposed to lay the temporary line on the 3 feet 3 inches gauge, 
and wagons were built to hold each 15 cwt. as a load, Mr^ 
Golbum designed and built a small 4 wheel tank engine for 
working those wagons, and six other similar engines were after- 
wards built The tank was placed under the boiler between 
the frames, and as the gauge was so narrow, the fire-box was 
placed behind the driving wheels, and to correct the over 
hanging weight, the tank was carried as far forward as possible. 
These engines weighed 6 tons only, with fuel and water, and 
coald be easily taken apart, for carriage over common roads, 
into three principal portions, of which the heaviest weighed 
hardly more than 2 tons. The cylinders were 9 inches in 
diameter, with a length of stroke of 1 6 inches ; and the wheels, 
of 3 feet diameter, were placed 4 feet 6 inches apart from the 
centres. The engines worked well, although of course only at 
moderate speeds. 



(Extract from Engineering, Sth October 1869^ Page 238.^ 

Canadian Light Railways. 

An example of enterprise and energy is being just now 
set by the merchants of the city of Toronto, in Canada West, 
in combination with the farmers of the surrounding districts, 
well worthy of imitation in other districts, equally in need of 
that development of trade and increased prosperity which the 
establishment of communications must bring about. 

For some years it had been felt that the existing railways, 
running as they do nearly due east and west from Toronto, the 
capital of the Province of Ontario, were doing comparatively 
little towards opening up the rich farming country, and im- 
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mense lumbering districts lying to the north-east of the city, 
or towards affording proper facilities for the large existing traffic 
of the rich and fertile counties of Grej and Bruce, lying to 
the north-west. 

Canadian railways were at a discount in the English 
market, rendering it futiio to seek for capital there, and the 
leading merchants of Toronto, forming themselves into provi- 
sional boards of direction, and associating with themselves de- 
legates from the country districts, therefore determined under 
the advice of their engineers, Sir Charles Fox and Sons, to 
profit by the experience gained in Norway, India, Queensland, 
and elsewhere, and to construct light yet efficient railways, 
sufficient to conduct the traffic for a long terra of years at any 
rate, and at such a moderate outlay as would bring the whole 
enterprise within the scope of their own resources. 

Having succeeded, after much opposition from existing 
railway interests, in carrying two charters through the legisla- 
ture in the spring of 1868, active steps were taken to bring the 
matter before the City Council of Toronto, the councils of the 
different townships, and the inhabitants generally, and the 
result has been that in the present summer of 18C9 two com- 
panies have been organised, under whose auspices the railwa3's 
are being rapidly proceeded with. 

The Toronto and Nipissing Railway Company is at present 
constructing a railway from Toronto for a distance of 85 miles to 
tap the Gull River navigation, with a branch of 18 miles to the 
town of Lindsay, and is intended hereafter to be extended 120 
miles still further towards the north. 

Towards the construction of the first section of 85 miles, 
bonuses have been voted by the various municipalities, amount- 
ing to 83,125/., on nearly 1,000/. per mile, this being a clear 
gift to the company. 
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The Toronto, Greg, and Bruce Railway Company is at pre- 
sent constructing a railway from Toronto to the Garafraxa Road, 
a distance of 70 miles, and steps are being taken for an imme- 
diate extension to the shores of Lake Huron at Kincardine, and 
Owen Sound, giving a total length of 200 miles. This company 
will also enjoy bonuses from municipalities amounting to about 
1,000/ per mile. 

The remaining capital is being raised by stock subscribed 
in Canada, and upon the debentures of the companies. 

The country through which these lines will run is generally 
of an undulating character ; intersected with heavy gullies 
through which the main streams flow, and on the western lines 
there is a heavy range of hills to be surmounted. It has been 
found necessary, in order to reduce the earthwork within 
reasonable proportions, to make use in some instances of gra- 
dients of 1 in 50, with here and there curves of 350 feet radius. 
In this way, even in the broken country and amongst the spurs 
of the hills, the average amount of earthwork has been reduced 
to 15f000 cubic yards per mile, chiefly of soft soil, with boulders 
here and there. The embankments are 12 feet 6 inches, and 
the cuttings 15 feet 6 inches wide at formation level, the latter 
including ditches. The line will be fenced throughout with, 
timber fences and cattle guards at the crossings. Immediately 
upon the land being cleared for each section the telegraph will 
be erected, thus placing the chief engineer in direct communi- 
eation with his staff. ^Fences will be placed at different angles 
in the neighbourhood of the railway to intercept the snow drifts, 
a system adopted with great success by Mr, Carl, Pihl, the 
engineer of the Norwegian Government. The bridges will be 
constructed with abutments and piers of rubble masonry, where 
possible, but in some cases timber cribs filled with boulder 
stones will be used. These latter properly laid form both a 
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substantial and durable construction, and are economical. The 
superstructure will be of timber, the main trusses being of white 
oak, of a form slightly modified from that known as the. " Howe" 
S)'stem. The spans will vary from 30 to 80 feet. The width 
between parapets will be 1 1 feet. The permanent way, which 
has been too generally dealt with in Canada, as if it were of 
secondary importance, is really the most important item of the 
whole, as upon its efficiency under most adverse climatic in- 
fluences depend not only the econoroicalmaintenanceof the works, 
but the actual safety of the traffic. The great range of the tem- 
perature in Canada brings about a large amount of contraction 
and expansion, whilst for several months' in the year the road-bed 
is frozen to the hardness of rock, and it becomes impossible to 
pack or adjust the sleepers, the plan usually adopted for remov- 
ing inequalities in the road being to pack with small wedges 
between the flange of the rail and the surface of the sleepers. The 
winter breaks, up very suddenly, and then the ground, rendered 
rotten by frost and melting snow, gives way under the sleepers 
in all directions, and for some time travelling becomes at any rate 
on some of the lines positively dangerous. These climatic eflEects 
are very difficult to deal with, but are in many instances aggra- 
vated by the use of rails of very bad quality, fished most imper- 
fectly, if at all, and secured by dog spikes only, and still more 
by the use of an exceedingly small quantity of ballast. It is 
intended on the railways in question to use either iron rails 
weighing 40lb. to the yard, or probably on a portion of the 
lines, Bessemer steel rails weighing 36lb. to the yard, in either 
case flat bottomed, and laid vertically (without the usual in- 
ward cant) to a gauge of 3 feet 6 inches. The^e will be laid 
upon sleepers of red beach, white oak, tamarac, and chestnut, 
7 feet 6 inches long, 8 in x 5 in. scantlings, and 2 feet 6 inches 
apart, centre to centre, there being a sleeper under the joint. 
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The rails will be fished at the joints with Adams' bracket 
fishes 14 inches long, secured by 4 fish bolts, and to the joint 
sleeper by 4 fang bolts, with an extra length of thread to allow 
of the rails being wedged up, if necessary, to adjust the road 
in winter, the turnouts will be by means of improved alidincr 
rails, ordinary switches being liable to jam up in snow storms 
and frost. Great care will be taken to use ballast of good 
quality, and to an extent of not less than 3000 cubic yards per 
mile of single line. With a view to economy, tiie sleepers, 
fencing, and bridge timbers, are delivered along the line during 
the winter months, whilst the snow permits of sledges being 
used, the earthwork, permanent way, laying and ballasting being 
chiefly carried ©n in summer. The stations will be af a simple 
yet tasteful design of timber, and will be placed about 5 miles 
apart. At the Toronto terminus, extensive arrangements will 
be made for the shipment of lumber and grain, and it is proba- 
ble that an union station for passengers will be established, 
common to the five companies, which will run into the city. 
The railways will be generally worked by locomotives smilar 
to those used in Queensland, weighing from 20 to 22 tons, in- 
cluding wood and water, having six driving wheels, 3 feet 
3 inches diameter, so arranged as to give a rigid wheel base of 
only 7 feet, and a pair of leading wheels, 2 feet diameter, fitted 
to a Bissell bogie truck. The tyres will be cylindrical and 
not coned, of solid steel. The cylinders will be 11 inches 
diameter and 18 inch stroke. The heating surface will be from 
550 to 600 feet. The fire-box will be of copper, so as to be 
hereafter applicable for burning coal ; the whole of the motiou 
will be of Bessemer steel. The weight on each driving wheel 
will be 3 tons, and on each of the leading wheels about 2 tons. 
The tender will weigh 10 tons when loaded, and will have four 
wheels 2 feet diameter, with only 4 feet 6 inches rigid wheel 
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base. The spark arresters will be of a form lately adopted in 
Qut enslaiid. The locomotives will be fitted with Americaii 
cabs, and pilots, or cowcatchers. It is probable that smaller 
engines, weighing, say, 15 tons, may be adopted for passenger 
trains. The rolling stock generally will be of the American 
pattern, but much reduced in cost and weight; the wheels will 
be 2 feet diameter of American chilled cast iron. The springs 
will be hung to brackets inside the frames, thus bringing down 
the centre line of buffers to within 2 feet of the rails. The ad- 
mirable central coupling and buffer of the Norwegian Govern- 
ment Railways will be? used. The outside width of the stock 
will be 8 feet. The length of the passenger carriages will be 32 
feet, and of the goods wagons 24 feet, each on six wheels, 
fitted with Clarks radiating axles, which, after being tried for 
some years side by side with other systems, on curves of 330 
feet railius, are found to take sharp curves more easily, and 
require less tractive force than those on any other plan. The 
stock will be fitted with powerful brakes. Carr's system of 
lubrication will be used throughout the stock. The speed on 
these railways will be about 20 miles an hour, including stop- 
pages. The works are being carried out partly by the compa- 
nies and partly under contracts divided into short sections, and 
let to local contractors at cash prices, under the superintendence 
of Mr. Edmund Wragge, lately resident engineer on the Vic- 
toria Bridge widening, who has been appointed chief engineer 
in Canada to both the companies, and they are estimated to 
cost, including land, rolling stock, stations, and all other ex- 
penses, 3000/. per mile of single line. It is intended, with the 
exception of the locomotives, rails, and fastenings, to use Ca- 
nadian materials throughout, and the whole of the staff of the 
comf)anies, with the exception of their chief engineers, are 
CUmadians. It is hoped, therefore, that these railways will 
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solve the problem so important to the new Dominion of Canada, 
of constructing her lines of communication with her own men, 
materials, and money, and if these lines, as is confidently ex- 
pected, prove, from their small cost, yet efficient construction, 
financially successful, they will lead to other railways, destined 
to develope the immense mineral and agricultural resources of 
the north-west of Canada. 



Hemarks hy Mr., Mendes C alien of Neio York, U. S.^ after the 
reading of Captain Tykf^^s paper before the Inst. C. E. on 
" Railwaif Gradients and Curves.^^ ( Vol, 26, paje 330 33 L) 

Mr. Mendes Cohen, of New York, would give the results 
of his experience in working the Baltimore and Ohio Railway, 
through Virginia. The gradients on that line were generally 
heavy. On the mountain division, 60 miles in length, there 
were 37 miles varying but slightly from 1 in 45, at which 
maximum there were 17 miles in one continuous gradient. The 
goods traffic was worked by engines weighing, exclusive of 
tender, about 27 tons, on eight connected chilled wheels 43 
inches in diameter, with cylinders of 19 inches diameter and 22 
inches stroke, hauling nine cars weighing about 135 tons. In 
addition to these there were other and much heavier gradients 
of a temporary character, adapted for the purpose of working 
over the tunnel ridges during the progress of the construction 
of the tunnels, to continue the line without waiting for the com- 
pletion of the tunnel- work. In the first instance the gradient 
adopted was 1 in 10 as a maximum, and it was not intended to 
work this temporary line with locomotives. The line was built 
with a view of hauling car-loads of iron across the mountain by 
Lorse-powcr, and continuing the construction of the works 
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on the other side. However, when the line was laid, it was 
determined to try the working with locomotives. The engines 
just described were tried on this gradient and readily took up a 
load of one car weighing about 14 tons. Under favourable cir- 
cumstances they could take up two, but one was the usual load. 
He had ridden over that line on the engines but otherwise had 
not much experience in the working. As the construction of 
the line progressed westward, there was another tunnel on 
which he had been engaged as an assistant in the engineering 
department in the year 1852. Owing to delay in the tunnel, 
the Chief Engineer, Mr. Benjamin H. Latrobe, directed the 
construction of a temporary road across the hill. It was a work 
of some difficulty, as the slopes of the hill were very abrupt, 
and he was instructed by his chief to see what he could do in 
the way of bringing the line down from the summit to the foot 
of the hill, with a limit of gradient of 1 in 1 6, and reversing 
the direction as often as was necessary. The descent of the 
summit on the western side was made with five reversals, the 
narrowness of the ravines and the general shape of the ground 
not always affording room for curves of even the minimum 
radius of 300 feet. The reversal was effected by what was 
termed a Y, from its resemblance in plan to that letter. With 
this arrangement the slope of the hill was descended on a gra- 
dient of 1 in 16 between one pair of Y's, and 1 in 20 between 
the next pair, and so on alternately, the object of this being 
to secure the proper protection of the fire-box sheets, which 
might have been exposed had the rear of the engine been upper- 
most on the heavier gradient. The line was worked with five 
reversals on one side and two on the other for a distance of 2^ 
miles on both sides of the hill, over which the engines carried 
three cars of 15 tons each. The load was never increased be- 
yond that, because the shape of the ground did not admit of 
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getting longer trains upon any of tho Y's. The traffic was 
carried on for five or six months, till the tunnel was completed. 
At a later period it was necessary, for a second time, to use the 
temporary track over the tunnel where the gradient of 1 in 10 
had first been tried. On this occasion the gradient was reduc- 
ed to 1 in 2'0, or equal to 260 feet per mile, and this Mr. Cohen 
himself worked with the same engines, which carried up from 
65 to 70 tons load. In fact the whole traflic — mails, passen- 
gers, and goods — of one of the great American through lines 
was carried on by this way for many months during the arching 
of the tunnel. There was no difficulty in ascending tho hill ; 
the only difficulty lay in the descent. In effecting this, besides 
the application of breaks to all the wheels of the train, the 
engine was reversed and allowed to descend without using steam 
thus pumping air through the cylinders. The accumulating 
pressure against the pistons was relieved by valves placed on 
the steam-chests, and regulated from the foot boards. The en- 
gines were kept, on the heaviest portion of the gradient, on 
the lower side of the train, to guard against the breaking of 
the couplings, as well as with reference to the fire-boxes. There 
were some instance of tho trains breaking away, from the failure 
of the breaks, and some little damage had been done ; but no 
case of serious accident occurred during the whole time. 



RAILWAY IN BELGIUM. 

Remarks hy Mr. Robert Mallet^ M. Inst. C. E.j after the reading 

of Captain Tyler^s paper on " The FesUniog Railway^^ before 

the Inst, of C. E. ( Vol 24, page 375.y 

Mr. Robert Mallet said, as yet no mention had been made 

of another narrow gauge line, which had been a long time in 

0ueces8ful operation, viz., that between Antwerp and Ghent, the 
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gauge of which, he believed, was only 2 feet 5 inches. He 
couhl not give the preoise particulars of the rolHng stock, but 
could state generally, that the carriages w^re wider than tliose 
on the Festiniog Euilway, and that they carri-ed heavier loads. 



BAILWAY INCLINE IN TURKEY, 

Remarks ly Me^s.^rs. 3Iallet^ Crarnpfon and Drew^ after tht read- 
i/u/ Of Captain Tijler\s paper on " Railway Gmdients and 
CurveH'' before the Inst. C, E. (Vol 2C, pa^e 381—382 ; 

Mr. Robert Trefusis Mallet referred to a. tramway con- 
Btructed for Mr. Crampton on the Ottonian Eailway ou which 
he had been engaged, which he believed sliowed the extreme 
limit of what could be done on inclines by ordinary locomotives 
without special means of adhesion being applied, as in the case 
of the central rail on the Mount Cenis line. There was a 
gradient of 1 iu 11 with curves of 500 feet radius. One diffi- 
culty was experienced in consequence of the extreme severity 
of the gradient; that was, the necessity of turning the engines 
at the summit, to avoid laying the firo-box bare by the graviia- 
tion of the water to the lower end. The engines could only 
pull one loaded wagon up this incline. The results were not 
brought forward as an instance of the greatest economy that 
might be obtained by using special engines, but rather to show 
what could be done with existing plant. Fie presented to tfie 
Institution diagrams showing the section of the tramway and 
the statistics of the engines used. 

Mr. T. E. Crampton said there was nothing peculiar about 
the incline just referred to, but it had acted most perfectly. The 
gradient was 1 in II for a length of 2,400 feet, 600 feet of 
which had curves of 400 feet radius, descending about the same 
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distance with inclines of 1 in 15 and 1 in 20, the total length 
being about one mile. About 100 tons per day were taken 
ovtrr this gradient of 1 in ll, and about 10,000 tons had been 
carried over the whole length up to the present time. The 
gross load was about 23 tons, of which the engine weighed 10 
tons, leaving 13 tons of working load behind the engine. The 
adhesion was about one-fifth, so that the maximum was almost 
attained. 

Mr. E. A. Drew remarked that the cost of working over 
the whole of these inclines — that was up half a mile of 1 in 11, 
and down half a mile of an average gradient of about 1 in 15, 
over which the loads and return empties were transported — was 
at the rate of two shillings per ton per mile. That tramway 
was successful, inasmuch as it served the end intended, by 
transporting, during the six months it was in operation, about 
lo,()00 tons of material, which could not possibly have been 
carried by any other means so economically. Taking into 
consideration the price of coals there, and the difference in the 
wages of skilled labour, it was probable the same end under 
similar circumstances could have been achieved in England at 
half the cost. The engine was not made specially for this 
incline, but was an ordinary contractor's tank engine, built by 
Mr. Hughes, of Loughborough, the principal dimensions of 
which were — 

Diameter of Cylinders 11 inches. 

Length of stroke 18 „ 

Diameter of wheels 30 „ 

Wheel base 54 „ 

Four wheels coupled 

The weight of the engine complete was 10 ton^?. 
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With a pressure of steam of 901bs., to lOOlbs. per square 
inch, the gross weight taken up the incline of 1 in 11 was 23 
tons, including the engine. 



STEEP EAILWAY GRADIENTS. 
(Extract from Engineering^ dated Xst January y\%G9.) 

At the present time when attention is being again directed 
to the unsatisfactory working of the Mont Cenis engines with 
their horizontal gripping wheels and attendant complications, 
it is worthy of note that during the construction of the Ottoman 
Railway, Mr. T. R. Crampton made regular use of, and worked 
by an ordinary contractor's engines, a tramway laid for a length 
of 800 yards to a gradient of 1 in 11. This tramway was 
altogether about a mile long, and for 800 yards of this length 
\\. rose, as we have said, at an inclination of 1 in 11, afterwards 
descending for about the same distance with inclines of 1 in 15 
and I in 20, About 200 yards of the gradient of I in 11 
consisted of curves of 400 feet radius. The tramway was 
employed for the conveyance of materials to be used in the 
construction of the main line, and during six months about 10,000 
tons were carried over it. It was worked by an ordinary 
contractor's locomotive, built by Mr. Hughes, of Loughbo- 
rough ; this engine having cylinders 11 in. in diameter by iSin. 
stroke, and two pairs of coupled wheels 2ft. 6in. in diameter, 
placed 4ft. 6in. apart from centre to centre. The weight of the 
engine in working order was 10 tons, and it drew behind it a 
load of 13 tons up the gradient of 1 in 11. The pressure of 
the steam was from 901b. to 1001b. per square inch. 

On an incline of 1 in 11, the resistance due to gravity 
would be 203-641b. per ton, and taking the engine friction at 
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181b, per ton, and the wagon friction at lOlb. per ton, we liave 
the following total resistances to be overcome by the engine in 
^liieending the gradient : 

lbs. 

Resistance due to gravity : 23 tons at 203-631b. 

per ton = 4683-5 

Engine friction : 10 tons at 181b. per ton ... 180 
Wagon friction : 13 „ 10 „ ,.. 130 



Total ••• .,. ... ... .-. 4993'5 

or, say, 50001b. The weight available for adhesion was 10 tons, 
or 22,400lb., which would be diminished by one-eleventh on 
an incline of 1 in 11. The actual adheaion weight available 
in the incline would, therefore, be, 

v') 100 
22400—^^^:^^ 

and the adhesion must, therefore, have amounted to very nearly 
one- fourth of the load on the wheels. An engine of the dimen- 
sions above given would develope a tractive force of, 

Il2xj[j^l21xl-5_y^,g^^ 
2-6 2-5 ' 

for each pound eiFective pressure per square inch on the pis- 
tons ; and to overcome the tractive resistance of 50001bs. this 

5000 
eflfective pressure must thus have been- ~-=68-6lb. per square 

indi. This pressure on the piston could, of course, be readily 
maintained by a boiler pressure of 90lb. per square inch. 



t * 
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RAILWAY IN THE MAURITIUS. 

Remarl's by Mr. T. A, Longridge^ M. Irtf^t. C. E.^ after the 
reading of Captain Tyler^s "paper on *' Railway Gradients 
and Curves^^ b^ore the Inst, C. E. ( Vx^l 26, page 371.) 

Mr. J. A. Longridge said, the subject of the Paper was not 
upon the construction of the Mont Cenis or any other railway 
through the Alps, but upon the best way of working steep 
gradients, supposing they were absolutely necessary ; and on 
that subject he would give the results of his experience. lie 
had laid out a railway in the Mauritius some years ago, which 
was subsequently executed ; and, though not worked by him- 
self for passenger traffic, he had worked it for ballasting and for 
the transport of materials. The ruling gradient of that line 
was 1 in 27. The ballast-trains consisted of twenty wagons, 
in fine weather, with an engine at the front and back, which he 
believed was a safe way of working these heavy gradient^?, 
because it rendered them, to a great extent, independent of the 
breaks. Each of these engines weighed 37 tons, and each 
truck-load weighed 13^ tons, making a total load of 270 tons, 
besides the two engines weighing 74 tons. It was found that 
in fine weather, when the rails were dry the inclines of 1 in 27 
could be ascended, with wheels 3 feet 9 inches in diameter, at 
about 8 miles an hour ; but when the rails were wet from rain 
or dew, the load had to be reduced by four, or six, or more 
trucks : the coefficient of fiction, under these circumstances, 
came out as one-fifth. There could not be a doubt that it might 
be worked with a co-efficient of from one-fourth to one-fifth ; 
but it was not at all desirable that such a coefficient should be 
depended upon, because, on a dewy or damp morning, the 
train might come to a standstill. 
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RAILWAYS IN ITATY &c. 

Extract from a papei' by C . R. Drysdale^ on '^ Railivay Incline 
Planes'^ read before the Institution C. E. describing the 
Stnunering and Giovi Inclines^ with remarks by Captain 
Moor som^ John Hatchhaw\ M, Inst. C. E. and Chas. Vignoles^ 
MInst. a E. (Vol \bp. 350, Sfc.) 

The Semmering Incline, 

The works were finished and the double line of rails laid, 
in May 1854, by the Engineer Carlo de Ghega. On the 
northern side, the valley is formed of a bed diluvim, lying on 
the flank of a mountain of Greywacke slate. At Klamm, the 
works become steep and abrupt ; and the northern side in 
general, is much more rugged than the southern, which descends 
with a reguhir gradient, with but few cuttings, or embankments 
of importance. With the exception of the Valleys of Adlitz- 
graben and Kalle Rinne, wliere the rocks are calcareous, the 
whole formation is mica schist, with here and there, and out- 
crop of dolomitic rock. The site appears, upon the whole, to 
be remarkably well suited for a railway, since the tunnels and 
viaducts are comparatively short There are, however, thirty 
curves of 10 chains radius, of about 4 miles in entire length, 
and thirty-eight curves of 14 chains radius. 

The most interesting works are the Viaducts of the Valley 
of Adlitzgraben, and of Kalte Einne ; the two over the streams 
Waorner and Jaorer-Graben : that over the river at Swartzaii 
and the lower Adlitzgraben Viaduct ; and the tunnels of 
Semmering and Weinzettelwand, 

The Viaduct of Adlitzgi-aben has upon it, a gradient of 1 
in 50 ; the radius of the curve is 10 chains ; the length, 498 
feet ; and extreme depth, 78 feet : it is conii)oscd of 8 arches of 
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50 feet span. The Viaduct over the Kalte Rinne is composed 
of two superimposed ranges of arches : the gradient of the line 
is 1 in 80 ; the radius of the curve, 10 chains ; the length, 600 
feet ; and the extreme height, 150 feet : there are 5 arches of 
40 feet span on the first range, which is 69 feet high ; in the 
second range, there are 10 arches of 48 feet spaa, and the height 
of the fitacje is 80 feet. The Viaduct over the Wat^ner-Graben has 
two ranges of arches ; the gradient is 1 in 47 ; the radius of the 
curves, 9 chains ; the length, 470 feet ; and the greatest 
height 127 feet. The lower range has five arches of 30 feet 
span and 56 feet in height, and the upper has nine arches of 40 
feet span and 70 feet in height The Viitduct at Swartzau has 
a curve of 14 chains radius : it is 744 feet long ; its greatest 
height is 80 feet; and it has 5 arches of 66 feet opening, in the 
middle, and eight arches of 32 feet opening, at the sides. The 
Tunnel of the Seramering is 72 chains long : it is straight^ with 
an almost imperceptible gradient ; its greatest depth is 374 feet, 
and It is lin«d throughout with masonry. Nine shafts were 
sunk for this tunnel, and five of them were left open for air 
shafts. A considerable quantity of water was encountered in 
its construction. The total length of tunnelling in the Sem- 
mering Pass, is 213*5 chains, of which only 9 chains are 
without lining. 

The total length from Payerbach to Murzzuschlag is 21-51 
miles; the length of the level portions, 204 miles ; and that of 
the other parts, 19 47 niiles. The gradients are : — 
From Payerbach to Eiehberg 
,, Eiehberg to Elamm 



• • • 



• • • 



, , Elamm to Breitenstein 

„ Breitenstein to Semmering... 

„ Semmering to Spital 

„ Spital to Muzzuschlag 



• • • 
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The average gradient from Payerbach to Semmering iu 1 in 47, 
for 13'210 miles, and from Semmering to Murzzuschlag, 1 in 50 
for 8 310 miles. 

Payerbach is 1,562 feet above the sea. 

Semmering ... ... 2,887 „ 

Murzzuschlag ... 2,182 „ 

From Payerbach to Eichberg, the curves range from 9^ to 
14 chains radius, almost continuously, with only a short piece 
of straight line. From Eichberg to Klamm, is the most 
unfavourable portion of the line ; having a gradient of 1 in 40, 
and consisting of 14 curves of 14 chains radius, with scarcely 
any straight lengths. From Klamra to Breitenstein, there are 
16 curves of about 9 J chains radius ; and the part from 
Breitenstein to Semmering, is very similar. 

The permanent way is constructed in the following man- 
ner : — Longitudinal larch sleepers are laid upon a bed of 
broken stone 6 inches in thickness, whicli is then covered with 
6 inches of gravel, well beaten down. Upon these longitudinal 
sleepers, are placed transverse pine sleepers, at intervals of 
about 3 feet apart ; and on the cross sleepers the rails are 
placed upon flat chairs at the point of contract with the sleepers. 
The rails are of the ^ form, and weigh 881bs. per yard. The 
spaces between the sleepers are filled with gravel ballast. 

Forty years ago, it was doubted whether a locomotive with 
plain wheels, would adhere to the rails sufficiently to enable it 
to move itself, and subsequently, inclines of 1 in 120, or 1 in 
100, were considered as the limits to the powers of the loco- 
motive ; but now a line is constructed over the Noric Alps, 
with inclines of 1 in 40, and with curves, which were until 
lately considered complete barriers to the passage of locomotives. 
M. Engerth says :— " In the construction of a mountain 
line such as the Semmering, without any doubt, railways 
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entered on anew phase, and consequently, there was a necessity 
for new experiments upon locomotives also. There have cer- 
tainly occurred on other lines, short and steep gradients ; but 
tliese liave been so short, as scarcely to necessitate any change 
in the locomotives, from those used upon the level line. But a 
line of 2 1 miles, in a region of snow and ice, required some- 
thing new, which should be fit to cope with the peculiar 
difficulties of the situation.'' Impressed with this idea, the 
Austrian- Government, in 1850, proposed a prize for the best 
locomotive, constructed in accordance with the stipulations; and 
although none of those sent to the competition, performed all 
the conditions required, yet the effect of the experiments was 
to bring out the requisites for an engine qualified to accom- 
plish them. The locomotive ^ Bavaria' won the prize, at this 
competition, but as it appeared, that the chief cause of its greater 
])()wcr.s, was the application of an endless chain to connect the 
wheels, a further set of experimentis was made on this engine, 
when it was found, that the chain continually got out of order, 
and frequently broke, so that it was eventually abandoned. 

M. Engerth, in his account of the different locomotives 
send for competition, has been very circumstantial, and certainly, 
has carefully studied the principles and the facts elicited, and 
has endeavoured to arrive at a sound conclusion ; he examined, 
seperately and in detail, each one of the designs sent in by the 
various locomotive Engineers, and then appears to have selected 
those raodificatioriR, wliich appeared most suited for the 
cxiiifcucies of the Semmerinor Pass. 

The following is a brief description of the type of engine^ 
now in use upon the Semmering : — The fire-box sur&ce is 75 
tquare feet, with 189 tubes of 2 inches diameter and 15 feet 7 
inches in length, giving a tubular heating surfiice of 1,585 square 
feet. The total heating surface is thus 1,660 square feet, which 
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gives, as will afterwards appear, 5^ square feet, per eflfective 
horse power. The grate area is 12'6 square feet, or iIqXIi of the 
heating surface. The total weight of the engine, filled and 
loaded, is 55 J tons. This load is thus distributed: — 13^ tons 
on the leading- wheels, 12^ tons on the middle wheels; and 13 
tons on the driving-wheels; or 38| tons on the three pairs of 
coupled whtels. There were also 16| tons equally distributed 
on the two trailing-wheels, which weight was, at first, detached 
from the other, but was subsequently brought to assist the 
foiTner, by means of axles, with toothed wheels, keyed on them. 
The diameter of the cylinders is 18*7 inches, the stroke is 25 
inches, and the diameter of the wheels is 3 feet 7f inches. The 
last two axles are held in a peculiar description of ^ Bogie,' 
which also contains the driver's platform and the fuel. The 
water is carried in tanks at each side of the boiler, which is 
elliptical in section, and on a platform, supported by brackets, 
bolted on the framing of the six driving- wheels : by this arrange- 
ment, the whole weight of the engine and of the water is used 
to insure adhesion to the rails. The cylinders are outside the 
framings, with the valve-gearing on the outer sides; the eccentrics 
are carried on a kind of overhanging crank. 

The Qiovi Incline was constructed to surmount the 
Apennines, near Geona, — one of the great difficulties of the 
railway from Turin to Genoa, — and its execution is a proof of 
the mechanical skill and energy of»the Sardinian nation. The 
Engineer of the line, from whom the following information is 
obtained^ made many experiments on the subject of locomotives, 
IS he had to contend against a strong party, who were favour- 
able to the use of stationary engines for steep inclines. He 
says, the locomotive engines have been running on the line 
since December 1853, and have given such satisfaction, that it 
would not be desirable to alter them, except in some minor 
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details, and he thinks the system adopted on the Giovi better 
than that used on the Semmering. 

The Giovi Incline commences about 7f miles from Genoa, 
at a point, 295 feet above the level of the Mediterranean. It 
ascends thence, for about 6 miles, to an elevation of 1,184 feet 
being an average gradient of 1 in 36. The gradients of this 
incline are as follows, commencing from above : — 

i in 36 for 2-14 miles- 

1 in 29 „ 1-33 „ 

Horizontal -08 „ 

1 in 29 for 19 „ 

1 in 36 „ -93 „ 

1 in 50 „ 1-33 „ 
The length of tunnel is 2*55 miles; the depth of the shafts 
is about 600 feet; and the cost per yard forwarded, was JEIIS. 
^i'he eradients have curves of the minimum radius of 20 chains, 
which, it may be remarked, is a very much better minimum 
than that of the Semmering, which is only 9 chains. 

The locomotive power employed for ascending the incline, 
consists^ of two engines of the same size, constructed l)y Messrs. 
Hubert Stephenson and Co., of Newcastle, each carrying its 
own coke and water, and resting on four coupled wheels, moved 
by piston-rods, from outside cylinders. The diameter of the 
wheels is 3 feet 6 inches ; that of the pistons is 1 4 inches, with 
a stroke of 22 inches. The two locomotives are bolted together, 
so that the fire-boxes are opposite to each other, and the driver 
stands on a common platform ; when filled and loaded the two 
engines weigh 55 J tons ; of this weight, the wheels nearest to 
the fire-box, carry about 7 tons each, and the others, about 5 
tons each. 

In fine weather, the locomotives will carry up about 100 
tons, and in the worst weather, never less than 70 tons, at a 
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speed of 1 5 miles per hour. 

Miles of passenger trains 613-30 

Do- goods trains 2,283-57 



Total 2,896-87 

Weight in tons, of Tmns lifted up. 

Passenger trains 6,467 tons 

Goods trains 28,738 „ 

Total 35,205 tons. 

Dead weight carried |ths of a mile : in tons. 

Not including the engine 352,050 

Including the engine 585,150 



(^oke consumed in ascending, includ- 
ing stoppages = 195 tons. 

Consumption of coke per ton per mile, is — 

Not including engine l'94lhs. 

Including the engine M6 „ 

The fuel consumed by the engine from the bottom to the top 
of the incline, 6 miles, with a gradient of 1 in 36, is 8 27 cwts. 

Remarks. 

Captain W. S. Moorsom snid, he believed, that the Lickey 
Incline on the Birmingham and Gloucester Railway and the Dain- 
ton Incline on the South Devon, were the only two in Great 
Britain, which were at all important with regard to large, or 
speedy traffic, as they were in the middle of lines, over which 
express trains passed without necessarily stopping. It was 
difficult to obtain from those who had the management of the 
working of railways, precise data for instituting a comparison 
with those given in the Paper. This chielly arose from the ac- 
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counts being kept for commercial purposes only, and thus giving 
the general results of the working of the entire line, without 
reference to such portions as were now under consideration. 
From such data, however, as by favour of the managers, he 
had been able to collect, and from his own experience on the 
subject, he would endeavour, as far as was practicable to es- 
tablish a comparison. On the Semmering Incline, the average 
load per train was given as 165^ tons, which was moved 
at a speed of 11^ miles per hour, up an incline of 1 in 40, 
with a consumption of wood of 3401bs. to the mile: the pull of 
the engine might, therefore, be taken at 10,3001bs. On the 
Giovi Incline, which was 1 in 36, the greatest load, of 150 
tons, including the two engines, was moved at a speed of 15 
miles per hour ; the coke used was 174lbs. per mile, and the 
pull of the engine, under those circumstances, would appear to 
be lOjfJOOlbs: there was thus, a rather steeper incline and a 
Jittlo more force exerted by the engine, with a greater speed, 
than in the case of the Semmering Incline. The Lickey Incline 
Avas 1 in 37, and two engines were employed, — the bank engine 
of 35 tons, and an ordinary goods engine of 32 tons. Taking 
the average load of goods trains, as furnished by Mr. Kirtley, to 
be 307 tons, this was the weight which might be as-^umed to be 
moved up that gradient, at an average speed at 6^ miles per 
hour, with a consumption of coke, of SOlbs., per mile. The 
quosslion of consumption of coke was subject to some difficulty 
the amount he had ^iven, was an average upon tlie total 
quantity consumed by the bank engines, as no separate account 
was kept with regard to this incline alone. It resulted from 
these conditions, that the two engines together exerted a force 
of 21,8001bs., or nearly double that on the Giovi and Semmer- 
ing Inclines, while the speed was about one-half less. It 
appeared, from statements, furnished by Mr. Gooch, that on the 
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Dainton Incline of tlie Soutli Devon Railway, the average load 
of a goods train, iiicliidinjj engines, was 21.> tons which was 
moved at the rate of 11 c^ miles per hour. He confessed, that 
from liis own observation, he should not have thought the speed 
was so great. The gradient was 1 in 45, and the quantity of 
coke consumed, was 58|lbs., per mile. This, again, was the 
avcRige consumption per train mile, but on that particular 
portion of the line, he believed it would be, at least, 50 per 
cent. more. In this case, the pull of the engine was about 
12,50()lbs. 

It was stated in the Paper, that the Austrian Engineers, 
in considering the weight to be given to the engine for working 
the inclines, tliought, that adhesion could not be obtained, 
without a weight on the wheel, equal to eight times the force of 
the pull of the engine. lie ventured to say, that it was practi- 
cable to ascend even greater inclines, with a weight equal to 
only five times the drag of the engine. He was endeavouring, 
at the present time, to get a trial under these conditions, and ho 
hoped, before long, to be able to present it as an accomplished 
fact, instead of a prospective idea. Whilst upon the subject 
of adhesion, he would mention, that on an incline of his own 
con!5truction, he had sometimes seen the train brought to a 
stand, and on examining the sand-box of the engine, instead of 
sand he had found in it only stones, and clay : this naturally 
accounted for the difficulty experienced in working the incline, 
and he believed, that the difficulties experienced on other 
inclines, were often due to similar carelessness. 

It was also stated, that none of the engines employed in 
England, would move the loads at the same rate, as those upon 
the Semmering Incline : but he could not admit, that those 
engines showed any improvement upon the pra^aice of this 
country, for the last fifteen years. lie believed, that as early 
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as the year 1845, a peculiarly-powerful engine was working 
on the Lie-key Inclin<% and he concluded, that it was one of 
thost* ol whicli Mr. Kii tley had given an account. Now if it 
w as correct, that 307 tons could be moved up that gradient of 
1 in 37, at the rate of 6^ miles an hour, with one large and one 
small engine, it followed, that one alone would be quite able to 
haul the 165^ tons spoken of as the Semmering perfortnanee, at 
an equal speed of 1 1 miles {)er hour. One of those engines had 
been in the habit of drawing up fifty loaded wagons at a time, 
weighing, perhaps, 250 tons. On the Dainton Incline, lighter 
trains ol' 79, or 80 tons, were moved at the rate of 17 miles an 
hour; the pull of the single engine which did that work, was 
about 4,6001bs., and the consumption of coke, {taken, as in the 
(»ther cases, at the average per mile, on the whole line,) waa 
only 24lbs. per mile, 

Mr. Ilawksliaw, V.P., was anxious to correct a statement, 
which niiuht have the efflct of misleading: those who were 
unacquainted with the railway system of this country. It had 
been asserted, that the Lickey and the Dainton were the only 
inclines worthy of notice: but such was not the case. There 
were a great number of inclines on the English and Scotch 
lines, and they were increasing every year ; for railways were 
continually in course of construction through hilly districts, which 
were formerly regarded as impracticable. Even before the con- 
struction of the South Devon Line, there were numerous inclines, 
which were worktid with a large passenger traffic. Halifax, 
for instance had an incline of 1 in 44, and thirteen years ago, 
twenty-two passenger trains, together with heavy goods trains, 
were daily, without difficulty, conveyed over it. The change 
in the views of Engineers on this subject, had been very great. 
He remembered the time, when a gradient of 1 in 100 was 
thought to bo the utmost that ought to be ventured upon ; and 



121 

that, with 1 in 50, locomotives must he put aside, and rope 
must be employed. The incline on the North- Western Railway, 
fix>m Camden Town to Euston Station, was for a long period 
worked by a rope, which was considered the only practicable 
mode, although the rise did not average more than I in 66. 
The result of experience had been to discard the rope and trust 
wholly to locomotive power. There was scarcely a portion of 
railway in England over which more traffic passed, than the 
incline at Hunt's Bank, on the Lancashire and Yorkshire Line, 
where the gradients were I in 50 and 1 in 49, yet it was daily 
accomplished without stoppage, or accident. Another incline, 
also under his charge, where rope traction was, until very 
recently, employed, was that at the approach to Oldham, a 
town 8 miles from Manchester, with 120,000 inhabitants : 
that incline was 1 in 27 for £ mile. To avoid it, another line 
was proposed between Manchester and Oldham, with a gradi- 
ent of 1 in 60, but the Engineer declined to support even that 
gradient, unless it were worked with a rope. The result was, 
that the incline of 1 in 27, was maintained, but, two years ago, 
it was found, that the rope was of no advantage, and trains 
now ran up this incline every half-hour, by locomotive power 
alone. The trains, it was true, were not heavy, generally 
ooDsisting of six, or seven carriages, and the goods trains, of 
ei^t, or nine trucks. He might add, with reference to the 
inclines in Lancashire and Yorkshire, that the engines were 
not specially constructed for working them, but the ordinary 
engines were, generally speaking, quite equal to the duty. 
it was not necessary to enter into a comparison of the work 
performed on different inclines, for it was clear, within certain 
Emits, that engines could be made powerful and heavy enough, 
to take any weight up any incline, and the proper weight and 
power to be employed must be left to the prudence of the 
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Engineers. He applied this remark to the opinion which had 
been expressed, that the weight might be reduced from eight 
timcwQ, to five times the drag of the engine ; but this was not a 
question of engineering skill, for the degree of adhesion obtained, 
very much depended upon the state of the weather. A long 
list could be given of gradients similar to those he had 
mentioned : at Bradford, and again at Leeds, he had made inclines 
of 1 in 50. Steep inclines were, therefore, no novelty, in 
railway engineering, nor were the performances cited, greater 
than those which had been accomplished for years past, in this 
country. 

Captain W. S. Moorsom explained, that in speaking of 
the Lickey and Dainton Inclines as the only ones worth men- 
tioning, he did not mean to imply, that there were no others 
on which a large traffic was worked, (although fifteen years 
ago, there were, comparatively speaking, no large traffics) ; but 
he meant that those inclines were, and still remained, almost 
the only ones which presented any very heavy gradients, and 
which, being situated in the middle of the course of the lines, 
had to be worked on different conditions to the terminal 
inclines at Oldham, Halifax, &c. 

As to the question of priority, he believed, that anterior 
to the working of the Lickey Incline, in 1839-40, there was 
no other of any importance, on which locomotives conveying 
trains, freely ascended. He claimed no scientific merit for the 
suggestion of reducing the weight to five times the power of 
the engine : but he could not admit, that adhesion was a ques- 
tion of weather. Whatever might be the state of the weather, 
and the state of the rails, the ' above proportion was, in his 

opinion, quite sufficient to enable the engine to work up an in- 
cline. 
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Mr. Hawkshaw, Y.P., observed, that the Hunt's Bank 
and Halifax Inclines were originally terminal inclines, although 
they were now no longer so. But he did not consider that fact 
very material, for it did not affect the power which the engine 
was called upon to exert. 

Mr. Vignoles said, he was among the first to advocate 
the adoption of steeper gradients. Being well acquainted 
with the Semmering Incline, he would call attention to the 
sharp curves on that line, of not more than 10 chains radius, 
with a gradient of only 1 in 42, which must materially in- 
fluence the working of the engines, at even a moderate 
speed, and require an increase of power. But the most 
important question for consideration, and upon which he 
had stated his opinion to the Austrian Government, was, 
whether such heavy engines as those of the Engerth con- 
struction, could be worked as conveniently and economically 
as a number of smaller engines coupled together, or disposed 
in different parts of the train. He was convinced, that the 
latter system, which was the one adopted in England, and on 
the Giovi Incline in Piedmont, was preferable to the Austrian 
plan, both in point of convenience, economy, and regularity. It 
was now about twelve years ago, that a steep gradient was adopted 
in Bavaria, and this was the first introduction of such inclines 
on the Continent : in that instance, the curves were easier than 
those on the Semmering, but the gradient was 1 in 40, which, 
he conceived, could be easily worked by locomotive power. As 
txr back as 1 833, he continually ran up the St Helenas Incline, 
which was then 1 in 30, with an engine and carriages, without 
haying the rope attached. 

With reference to adhesion, from the experiments he had 
made, he had come to the conclusion, that it could not be 
depended upon in all states of the weather, at more than one- 
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fifteenth of the weight ; and he had found, that the adliesive 
power decreased in the ratio of the sine of the angle of incliua- 
tion of the plane. 



NOTES ON VARIOUS OTHER RAILWAYS WITH 
STEEP GRADIENTS AND SHARP CURVES. 

GUAGE 4 FEET 8^ INCHES. 

The Metropolitan and Great Northern Railways, are 
joined by a curve of 7| chains radius on a gradient of 1 in 46 
in a Tunnel. 

The Navigation Incline on the Taff Vale Railway, is 
half a mile in length and has aa average gradient of 1 iu 20 
and is worked by a locomotive power. 

The Vale of Neath Railway (Glyn Neath Inclink) has 
a gradient of 1 in 47 and is worked by locomotive power. 

* The Neath and Brecon Railway commences by a 
junction with the Mid- Wales, and Brecon, and Merthyr Rail- 
ways at Brecon, and after passing up the valley of the Usk 
for about 9 miles, turns to the Southwards, and crosses over 
the Northern lip of the Great South Wales coal-field, winding 
its way through the hills known as the Vans of Brecon at au 
elevation of 1300ft. above the sea, by means of curves of 15 
to 20 chains radius and up gradients of 1 in 50. After parsing 
over this ridge it terminates by junctions with the Vale of 
Neath and Swansea Railways. The total length of the line is 
about 32 miles. It was on this line that the first Fairlie En- 
gine was tried. 



* The information re^q)«cting this line has been ubtoinud from Mr. A. II. Bimiie, Exccative En- 
gineer C. P., who was one of the resident Engineers during its construction. 
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♦ The Mid Wales Railway commences by a junction 
with the Cambrian Railway at Llanidloes on the River Severn 
and after passing over the low watershed between tliat river 
and the Wye, passes down the valley of the latter river by 
Rhayader, and Builth, to the Three C(»cks Junction, where it 
leaves the Wye, and after running a short di^fance to the South- 
west ends by a junction with the Brecon and Merthyr Railway 
at Tall-y-llyn. The total length of the line is about 50 milts, 
its ruling gradient is 1 in 75 and it has curves of 15 and 20 
chains radius. The remarkable works are Iron Pile Bridiros 
with plate-girders, one large latiice-bridge of 200 feet span over 
the Wye, and three small tunnels. 

f The Whitland Extension of the Pkmbroke and Ti-xnv 
Eailavay runs from the town of Tenby to Whirland station on 
the South Wales line a distance of 16 miles via the Town of 
Narbeth, and is chiefly remarkable for its steep gradient, ruliri:; 
1 in 50, and its sharp curves down to a radius of 12.^ chains. 

J The Brecon and Merthyr Railway. This well known 
line with its gradient of 6 miles of one in 3S, needs little notice 
further than to say that it is regularly worked by locomotives 
of the ordinary tank description. 

* The mfonnation rcspcting tbis line has heen ubtaiiu-d from ^Ir. A. R. IJinnic, Exrculivc En- 
giiicor C. P., who was uue of tlie resident Eiigiii^'cra during its construction. 

t This extension of the Pembroke ;uid Ttnby Railway was laid ont by ilr. A. U. Rinnio, Kxicu- 
tive Engineer C. P., under Jaiuos Miitthias, M. Inst. C. E. 

X Mr. F. L. O'Callagluui Executive Enjjincer C. P., was one of the Engineers engaged in layin.; 
Qut thifl Uac. 
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APPENDIX. 



EXTRACTS from the Report of the " Royal Commissioners 

on Railways^ 

1867. 

Para 54, Pages 27 and 28. 

Whatever may have heen the contradictions of the course of 
legislation which has thus been pursued, it cannot be doubted that it 
has led to a very rapid development of the railway system, and Qonse- 
quently of the national resources, probably far more rapid than could 
lave taken place under any other conditions, and has induced improve- 
ments in the construction and working of the railways which, without 

e spirit of emulation engendered by it, must have taken years to at- 
tain. Thus whilst in France there is less than 1^ miles of railway, in 

Inglaod and Scotland there are ^\ miles of railway, to 5,000 inhabit- 
ants. 

Under these conditions the railway enterprize of the country at 
he end of 1865 had raised by shares and loans 456,421,840^. and had 
opened 13,289 miles of railway. These railways had carried during the 
7ear (exclusive of 97,147 season-ticket holders) 251,862,715 passengers, 
for the conveyanee of whom 16,572,051?. had been received. The railway 
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Companies had received during the same year 19,318,062/. for tiie 
conveyance of live stock, minerals, and merchandise, or a total of 
35,890,113/. The working expenses amounted to about 17,200,000/., 
leaving a profit of nearly 18,700,000/., equivalent to 41 per cent upon 
the money paid up. 

The amount of capital which railway companies were autliorized to 
raise by shares and loans down to the end of 1865 was 578,425,763?. 

During last session 203 Acts were passed, which authorized 
47>407,832/. to be raised by shares and loans, and 1,063 miles of railway 
to be constructed ; but these are not included in the foregoing sum- 
mary; hence the entire railway capital sanctioned by Parliament 
amounts to 625,833,595/., being 169,411,755/. beyond the sum expended 
to the end of 1865. 

A deduction must be made from this on account of tmdertakings 
which have been abandoned or cannot be carried out, but we are unable 
to state to what extent. 

Para 122, pages 54 and 55. 

The average gross receipts per train mile will give a rough idea of 
the general accommodation afforded ; as, supposing the charges not to 
be materially different, the higher these receipts are, the fewer will be 
the number of trains in proportion to the amount of traffic carried i and 
vice versa. 

These receipts we find as follow : — 

9, d. 

In Great Britain the Board of Trade returns for 

1865 give... ... ... ... ... ... 5 1*74 

For 1864 6 3 22 



For France we possess no statistical returns to 
enable us to calculate the average over the 
whole kingdom, but from the periodical re- 
ports of some of the principal companies, and 
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from information specially furnished to us, wo 
arrive at the following : — 

Lyons and Mediterranean ( Appendix DB.) . . 10 2 

Nord 7 4 

Orleans . . . . 8 5 

Quest . . . . . . 7 11 

■c«st ... ... .. .. ,, ••510 



iPot Belgium the " compte rendu des operations" on 
the railways of the state for 1864, gives 6 3 



For Prussia the " statistische Nachrichten" for 1864, 

give, on the whole of the railways of the country... 5 9 



For Austria a return of some few years old gives for 

the State railways in that country 5 4 



Many other German returns which we have do not appear to make the 
train milege an element in their data. 

It will thus be seen that in every case the foreign average receipts 
per train mile are larger than in Great Britain, in some cases very 
much larger. 

Para 123, page 55. 

But in order to compare the accommodation more directly, we have 
extracted from various foreign official time tables the data given in 
Appendices DM. and DN. These documents show in a perspicuous 
from the particulars of the railway service in several parts of the con- 
tinent, and its comparison with the service of a corresponding nature in 
this country. The lalter is also shown in a different form in Appendix 
EE. 

Number of Trahis. — As regards France, the statements show that 
in almost every instance, where any comparison can be drawn, the num- 
ber of trans for first and second class passengers is much greater in 
this country than in France. 



IV 



For example — 



First-cla5w 
Trains, daily. 



From Pairs to three large naval arsenals there are 
From London to three large naval arsenals there are 

From Pairs to six commercial sea-ports there are 
From London to six commercial sea-ports there are 

From Pairs to seven suburban districts there arc 
From London to seven suburban distsicts there are 

From Pairs to three large provincial towns there are 
From London to three large provincial towns there arc 

From Pairs to 10 smaller provincial towns there are 
From London to 10 smaller provincial towns there are 



8 
32 



32 
CI 



141 

266 



Secend-cla^s 
Trains, dailv. 



4 



21 
5G 



141 
266 



23 


J6 


51 


51 


CO 


40 


101 


83 



Para 124, Page 56. 

Many other examples of actual English fares will be found in Ap- 
pendices DM. and EE. ; and various particulars on this head are also 
given in the returns to Inquiry No. 5, furnished by the various railway 
companies, and published in the Appendix. 

A few examples from these returns will illustrate the practice of 
some of the larger companies in regard to their passenger fares. 

Average Single Fares per mile : — 



Express. 



Ist Class. 



2nd Class. 



Ordinary. 






Istaass. 



2nd Class. 



3rd Class. 





d. 


d. 


d. 


d. 


d. 


Great Northern 


No Express. 


2 00 


1-45 


• • • 


Lancashire and Yorkshire 


1>0. 


1 95 


1-48 


0-84 


Midland 


Do. 


222 


1-61 




North- Eastern 


Do. 


210 


1-50 


085 


iM)uth-Ea.stcrn 


2-51 1-85 


2 05 


1 46 


87 



Para 127, pages 68 and 59. 

The speeds of trains in Great Britain and On the continent are 
ishown in a large number of examples in Appendices DM. and DN. 

Miles per Hour., 

In England the express trains run generally, in- 
cluding stoppages, about . . ... . . . . 40 

From XiOndon to Newcastle the quickest train run ... 40 

Liverpool •• ... 37 

Bristol . . ... ... ... 42 

Southampton . . . . . . 34 

Peterborough ... ... ... 47 

Brimingham... ... ... ... 38 

Brighton ... ... ... ... 46 

The average of all the English examples of the 
quickest trains in Appendix DM., omitting the 
suburban, gives 36^ 



»» 
it 
t» 
ft 
If 

it 



The ordinary trains in England run generally, in- 
cluding stoppages, about ... ... ... 18 to 30 

The average of all the English examples of tne slow- 
est trains in Appendix DM. gives 19^ 



In France the express trains run, including stoppa- 
ges ... ... ... ... ... ... juO TiO oo 

The quickest in Appendix DM. is, from Paris to 

XwOUcU ... ... ... ... ... ... t)0 

The average of the quickest examples, omitting 
suburban, is... ... ... ... ... ... 31 



The ordinary trains run from 16 to 25 

The average of all the slowest trains in Appendix 

^^ JUL. X9 ... ... ... ... ... ... ^O 



In Belgium the quickest trains run from ... 29 to 35 
,. the slowest 18 to 23 



Tl 



• • 4 



« • • 



«• • 



la Prussia the quickest 
,, the slowest 

In Austria the quickest 

the slowest 



In Bavaria and along the Rhine the quickest... 24 to 32 
,y the slowest ... ... .. 13 to 24 



Mila* per Honr. 

... 29 
17 to 21 


20 to 29 
14 to 21 



In Italy the quickest ... 

the slowest 



24 to 30 

15 to 24 



Para l4l, page 65. 

In considering^ the improvement of goods traffic, it is very difficult 
to institute any comparison with the past, because the introduction of 
the railway system has entirely altered all the conditions of that traffic^ 
and has enabled industry and trade to spring up which, without rail- 
ways, could have had no existence. 

From the evidence which we have received, we will, however, cite 
some of the charges formerly made, and compare them with present 
rates. 

Bristol to London. Rates pex Ton. 





RfttM chaiged by Carrien. 


Ratei charged by 
Bailway. 


AiiiolM. 


1820. 


1830. 


1840. 


1866. 


DrAporj 
Hops 

oa 

Tabaoco 


«. d, 
66 
68 
60 6 
66 


9. d, 
60 6 
63 
47 
66 


«. d, 

47 6 
49 6 
43 
47 6 


«. d, 

40 
40 
20 
26 8 



Vll 



BiRifntadAM to London. Rates psb Ton. 





Canal. 


Bailwaj. 
1866. 




Artidef. 


1896. 


1842. 






«. d. 


«. d. 


9, d. 






25 


• • • • • • 


15 




HundwaK 


60 


40 


27 6 




Sugar 


40 


37 6 


21 8 




Tallow • 


35 


30 


21 8 




Drapery 


70 


45 


40 




Glaaa 


70 


• • • •• • 


27 6 





From MaDchester to LoDdon bales and grain were carried by quick 
Yws in 1833 at 20Z. a ton ; in 1834, by canal, at 42. a ton ; in 1840, by 
railway, before the railway companies were carriers, at 21. 4«. 8d a ton ; 
and in 1866 at \L 158. per ton. On the other hand, grain carried be- 
tween South Staffordshire and Liverpool in 1831 cost, by canal, 13a. 4(2. 
per ton, and is charged in 1866 from 108. to 12a. Qd, 

Para 147, pages 70 and 71. 

Having thus endeavoured to explain the various questions which 
affect the goods traffic of the country and influence the rates at which 
it is carried, we will proceed to consider the actual charges made, and 
compare thein with those made on foreign lines. 



But in comparing the mileage rate at which goods are conveyed be« 
tweeu different places it is necessary to estimate the terminal charge, 
otherwise the rate per mile of short distance traffic appears not only 
high, but singularly unequal in cases apparently similar. Many of the 
complaints against railway companies appear to have arisen from not 
sufficiently appreciating those considerations. 



The following table will give an example of the maximum rates 
authorized by the Acts of the several companies named*: — 



General DeBcriptian ol Artiolea. 


n 


1 

s 

£ 


i 

'S 

t 

o 


! 

( ■ 


I 


i 

1 




d. 


d. d. 


d. d. 


d. d. 


d. d. 


d. d. 


Dun^, Lime, bridu, coal, pig 


2 


lltoli 


Oi toS 


OJtoIJ 


OjtoU, 


1 tgS 


ber, ironcutings, sheet and 
wrought iron, damageable 


3 


2 to 21 


2to3 


ljto21 


llt»2l 


Z ta24 


Cotton and other woolo, drog^ 

auutufactured goods 


3 


2 to 21 


2Ito4 


2ito3 


21to3 


3 to4 


Flah, feathen. honiehold ftirni- 

tore, ctotbing, ulk 


6 


Ad. 


3to4 


3t«3i 


3 to31 


3 to4 



It will be found that in practice the chaiges are very much lower 
than these, especially in the case of coal and mineral traffic. 

The table ia Appendix EQ. gives a great number of examples, 
extracted from the evidence we have received, of actual charges made 
for the railwavB carriage of goods of different kinds between various 
places. It will show the great ditTerences which exitt in the charges 
made, as well as the effect of eliminating the terminal chai^ adopted 
by the Cteariog House, on which we liave already remarked. 



The following few instances, selected from the table, will illustrate 
tbese diSerences. 



m 



Umbar ui<l de«la 
Chemical! 

Bariron 
Pig inm 
Hirdwan 
Kula 

Euthaiware 
Enonatic tilM 

Lead (ahMt mnd 
Silk 



0-65 


037 


2-61 
065 


1-23 
0-44 


345 

0'87 


2-34 
0-60 


2-44 
089 


1-22 
0-67 


240 
102 


1-40 
0-47 


7 50 
164 


2-00 
0-99 


833 
194 


6 33 
1-40 


4-71 
2-26 


400 

1-87 


8-94 
4-36 


6 '89 
4-01 



The difTercaces in the rates warrant the conclusion that the charg- 
ca arc low when competition exiiits in the means of conveyance, or 



Paras 148, 149, and 150;^a//e 72. 

when the article lias to compete with a similar article brought from 
another place to the same market. 

Appendix ED. shows some of the rates charged on French railways 
compared tvrith rates for similar distances in England ; it is formed from 
the book of rates on French railways for the year 1865. 

This table shows that there are very considerable diflferences be- 
tween the French and English rates for the same goods carried over 
corresponding distances ; in some cases the former being the higher, in 
others the latter. Taking, however, the average of the whole, we find 
the following results : — , 





English Rate per Ton 


French Rate per Ton 




per Mile, 
Station to Station. 


per Mile, 
Station to SUtion. 






d. 


d. 


For the goods comprised in Class 1 of 






the Franch classification (being the 






more valuable class). 


3 37 


2-60 


For Class 2 


1-6G 


2-29 


For Class 3 


1-31 


1-67 


For Class 4 


107 


1-28 


For Class 5, one article only 


107 


0*96 



So that for the great bulk of goods traffic the English rates arc 
considerably lower than the French. 

Rates on Bdgian Railways, — On the Belgian Government rail- 
ways thero are four classes — 



d. 
First class ... 1 • 70 
Second claas ... 1 * IG 



d. 

Third class ... ' 89 
Fourth class ... * 62 



This is in addition to a uniform charge of Is, Id, per ton in all 
classes; also for loading and unloading lOcZ. per ton; and if collected 



ami delivered about 2^. Gil. per ton. Coals which are in the fourth class 
are, it is stated by M. Fassiaux, carried specially for transit and export 
at * 32cZ. per ton per mile, and occasionally at \d, per ton per mile, in- 
cluding waggons. 

Rates oil German Railways. — On the German railways there 
appear to be many varieties of classification and rates, some at quick 
si>eeds (Eilgut) and some at slow speeds ; but it will be suflScient to 
take the general results given in the report of M. Dubosq to the French 
Government in 18G3, according to which there are three classes of 
goods — 





First Class. 


Second Class. 


Third Class. 




d. 


d. 


d. 


Baden 


2-2 


17 


14 


BavarU 


3 4 


2 


11 


Aastria 


3 6 


26 


1-7 


Prussia 


2 3 


17 


1-2 



On these lines special agreements arc allowed to be made, provided 
all persons sending similar (quantities for equal distances are treated 
alike ; and under these coal is carried in Westphalia and Silesia at 
• 4fGd. per ton per mile, including supply of waggons, and in Austria at 
1 • Id. per ton per mile. No raising of rates is permitted until after 
six weeks* notice. 



In Germany the loading and unloading are included in the rate 
per mile for the first and second clasvses, and the third class of goods is 
generally loaded and unloaded by the consignor and consignee. 

Para 154: pages 73, 74 and 75. 

5. — Certain Conditions affecting Economy of Working. 

In order to determine whether more economical arrangements can 
be made for the working of railways, so as to make any considerable 
reduction in the costs of conveyance and in the charges to the public 
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on account tlioreof, it is necessary to advert to the chief sources of ex- 
penditure of railway companies, as well as to the amount of work which 
they obtain out of their roUoing stock. 

The following shows the proportion which the different items of 
expenditure in the working of railways bore to each other in 1842 and 
1865 on an average of all the railways of the United Kingdom. 



Per-centage Proportion 



2kl:.int€nancc of way 

locomotive charges 

Kepairs of carriages 

Traffic charges 

Rates and taxes 

GovemiQcnt duty ... 

Compensation for injury to passengers 

Ditto goods 

Legal and parliamentary expenses 
Miscellaneoos expenditure 




The reports of the Board of Trade show the following cost per 
train mile for 1840 : — 



Cost of coke per mile 

Ditto oil 

Ditto wages of Enginemen and Firemen 

Ditto wages of Labourers and Cleaners, &c. . . 

Ditto Superintendent, Clerks, Office Charges, 
Firemen 

Ditto repairs 

Ditto sundries 



d. 
8-356 

0360 

1-510 

1-910 

2040 
3549 
0-936 

18-661 



• 

The whole cost of working a train on the Graet Western Railway 
for 1865 amounts to 2^. 7-81cZ. per train mile ; on the Great Northern 
Railway to 25. 6'68bd. ; on the South-eastern Railway the expense is 
2s, 10-72ci. ; and on the Northern of France 2s. 7-34c?. 
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Para 155 page 76. 



The following are tlie average receipts per train mile, from all 
sonrces of traffic, on 12 of the most important English railways, as 
•iieduced from the Board of Trade returns for the year 1863 : — 





s. 


d. 




s. 


d. 


Great Eastern 


5 


407 


Midland 


4 


9-68 


Great Northern 


4 


10-25 


North-eastern 


4 


312 


Great Western 


5 


505 


South-eastern 


5 


1036 


Lancashire and York- 












shire 





9-39 








London and Norlh- 












weslcm... 
Loudon and South- 


6 


0-80 


Average of England... 
„ Scotland... 


5 

4 


3-28 
6-48 


western... 
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CONSTllUCTIOX. 

Construction cf Road. 

The character of American railways, so different in its prominent features 
from that of railways in this country, is the result of the want which they 
have been called upon to supply. A means of communication was required 
which could be laid cheaply and rapidly through forests and uncultivated dis- 
tricts where high speed was of far less consequence than certainty of commu- 
nication. A railway was the instrument best adapted to supply this want, 
and it would afford a better means of communication at a less cost of main- 
tenance than an ordinary road. 

As the first cost of a railway was a more important consideration than 
the after expense of working the line when made, sharp curves and steep gra- 
dients were unhesitatingly adopted, and the railways were opened with a mini- 
mum of accommodation. The Baltimore and Ohio Railway affords a striking 
illustration of a lino opened with steep gradients, which have since been 
improved. In order to avoid for a time an expensive tunnel, which has since 
been constructed, the lino was carried by a series of zigzags, ascending over a 
hill by a gradient of 1 in 18 at its steepest part. Each zigzag terminated in a 
short level space, so that the train was run up one zigzag on to this level spacer 
and then backed up the next zigzag, and so on. The load which could ascend 
in this case was of coursr very small. There are curves on this railway of 
360 feet radius, and curves of 400 feet radius are common ; the railway fol- 
lows the sinuosities of the valleys in its passage across the Alleghany Moun* 
tains : it is also carried through the streets at Baltimore down to the wharves, 
and passes round right angles. In these streets the traction is by horso 
power. 
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The embankments and cuttings of a railway at its opening are generally 
completed ; the bridges are ordinarily of timber, which, not being always well 
seasoned, is often a causQ of considerable expense. The designs of many of 
the bridges for large spans, and also of the roofs of stations in which timber 
alone, or timber in connexion with iron is used, exhibit great engineering skill, 
and are very instructive. The railway bridge of lajgest span is the suspen- 
sion bridge over the Niagara river, cx)nnecting the United States with Canada. 
The span of the bridge is 800 feet ; and the level of the rails is 250 feet above 
the water. The particulars of this bridge have been already published in this 
country. On many railways, iron and stone are being adopted to replace 
timber structures which have decayed. I have appended a sketch of one iron 
and one wooden bridge of recent construction, which well deserve consideration. 

The ballasting is generally very deficient at first. On the prairie lines 
it is impossible to procure ballast except from very considerable distances. In 
constructing these lines a ditch is dug on each side of the road, and the soil 
banked up so as to cover the centre of the sleepers, but sloped off on each 
side, leaving the ends of the sleepers exposed, in order to allow rain to drain 
off rapidly. 

The elasticity of the soil makes these roads far from disagreeable to travel 
over when dry ; but in wet weather and frost the absence of balast is a source 
of great inconvenience and danger. This may be remedied, to some extent, 
by placing a good drain under the centre, as well as at the sides of the roads ; 
but nothing can compensate for the absence of ballast which, in a severe 
climate like that of America, should be of broken stone, not less than two 
feet in depth under the sleepers, with good drainage ; it is sometimes custo- 
mary to slope the top of the ballast on each side, so as to cause the snow melt- 
ed on the surface to drain off. 

The gauge of American railways varies : the general gauge in the United 
States is 4 feet 8^ inches ; the gauge of the Ohio railways is nominally 4 feet 
10 inches, but it is in many cases in practice made 4 feet 8^ inches. The 
New York and Erie, and one or two lines in connexion with it, have a 6 feet 
gauge. The gauge of Canadian railways is 5 feet 3 inches. The break of 
gauge is of less consequence than in this country, because there is not so 
much interchange of working stock between the several railway companies. 

The sleepers on American railways are usually of oak, cedar, or hemlock 
spruce, of about 6 inches by 8 inches scantling, and from 7 ieet to 9 feet long. 



In consequence of iron being taxed to the amount of 30 per cent, the 
American railway companies have been obliged to economize iron to the ut- 
most. The rails are made as light as possible, the usual form being the con- 
tractors' rail of from 50 to 65 lbs. weight. Many railway companies obtained 
rails from England, for which they paid by mortgage bonds. The rails thus 
obtained have not, it is stated, generally proved durable. With regard to 
rails obtained from American iron works, the plan is frequently adopted of 
contracting that the rails shall last a specified time, the failure of any rail 
being made good, together with expenses incurred in consequence. The rails 
are spiked to sleepers laid transversely, the joint being generally secured by 
means of a chair made of boiler-plate, with a lip cut out on each side and turn- 
ed up ; the lip is barely 3 iochos broad, and projects about 1^ inches on each 
side of the joint. It is stated that the lip soon works up, and when hammer- 
ed down is apt to break off ; consequently the joints on a road of this descrip- 
tion soon become very bad ; and several plans have been tried to improve 
them. 

On the New York and Erie Railway, in some places eleven sleepers havo 
been placed under on 18-fect rail. 

On Qome lines I saw a wrought-iron chair 1 4 inches in length, made to 
slide on to the rail without any keys. 

Several forms of compound rails, for avoiding joints, have been tried, but 
I was informed that they have invariably failed. 

The ordinary fished joint had been tried, but the necessity for economiz- 
ing iron, and of preserving a sufficient breadth of base, has so limitted the 
depth and modified the form of the rail that it is not generally well adopted to 
this mode of fastening ; and it was stated not to have proved successful. A 
modification of the fished joint, In which a piece of iron about 12 inches long is 
used on the inside of the rail, and a piece of oak 5 feet long on the outside, 
has been tried on the Baltimore and Ohio and other railways, and appeared to 
answer. 

The switches and points in use upon English railways are almost unknown 
in America, shifting rails or contractors' points being universally used in lieu ; 
and consequently, if the points are set wrong, the vehicles which pass through 
them must leave the rails. The result of this is that the points are almost 
always kept locked, and a signal is invariably attached to them. 



On the Newhaven Railway, in order to render it impossibl for the switch- 
es eyelr to be set except for the main line, they are worked from inside a box, 
the lever of the switches being connected with the door of the box, so as to 
shut it when they are held open for the siding ; thus the pointsman cannot 
get out of his box unless the points are set right for the main line. 

The signal arrangements at stations, and even at junctions, are generally 
very imperfect. 

Level crossings are scarcely ever provided with gates or gate-keepers, ex- 
cept in special cases near towns ; but a large board is placed over the crossing 
with the words printed on it in large letters : — " Railroad crowing. Look out 
for the cars when the engine bell rings" On the Philadelphia and Heading 
Railway, a blue coloured light is shown at all level crossings at night 

It is the invariable duty of the engine-driver to ring a large bell, placed 
on his engine, whenever he approchase a level crossing or passes along a street. 

Cattle-guards are constructed on each side of every level crossing, in 
order to prevent cattle and animals from straying on to the line. These are 
trenches about 4 feet deep and 4 feet G inches broad, cut across the railway, 
the rails being supported by narrow balks laid across the opening. Laths, a 
few inches apart, are laid across the opening to enable persons to pass over. 

The railways are generaly well fenced, except at stations or where the 
railway is carried along roads or streets, in which case no separation is made. 
The main line of the Baltimore and Ohio Railway runs through the streets at 
Baltimore to the passenger station ; the trains are drawn by locomotives, and 
a man on horseback rides along in front of every train, blowing a trumpet, to 
warn people to keep off the track, 

• 

A very general practice prevails of distributing the goods traffic by means 
of rails laid along the streets to wharves and private establishments, along 
which the railway cars are moved by horse power. At some seaport towns in 
this country, as, for instance, Aberdeen, Dundee, and Birkenhead, rails are 
carried on to the wharves, but not to the same extent as in America. The 
practice is, however, one which might be adopted in many places in this coun- 
try with great advantage, and with saving of expense in unloading and reload* 
ing. The construction of the cars in America enables them to be moved 
round very sharp curves. 



The stations aro generally unfenced, and passengers stations arc con- 
mdered public throughfare*. The accommodation is generally inadequate and 
▼ery indifferent, there being a great want of waiting-rooms and other con- 
Teuiences, as well as of means of obtaining information. At some stations, 
however, where the passenger traffic is large, the booking-office has a second 
opening into the ladies' waiting-room, so that ladies travelling alone can obtain 
tickets without crowd or difficulty. This arrangement is one which might bo 
adopted with great advantage in this country. 

Construction of Rolling Stock. 

The practice of contructing the railways in a hasty and imperfect 
manner has led to the adoption of a form of rolling stock capable of 
adapting itself to the inequalities of the road ; it is also constructed on 
the principle of diminishing the amount of useless weight carried in a 
train. 

This principle is, that the body of the car or waggon is carried by 
two four-wheeled trucks, one at each end. The body is attached to these 
trucks by means of a pintle in the centre, the weight resting on small 
rollers at each side. The main framing of the truck is supported on 
springs resting on the axles, and the pintle and rollers are fixed to a 
crosa-beam, which is attached by springs to the main framing ; so that 
between the body of the car and the axles are a double set of springs. 
India-rubber springs are in general use, but they aften become hard ; 
consequently sometimes steel springs are used, with great advantage. 
Any side movement which might result from the slight play allowed to 
the cross-beam is counteracted by springs placed between its ends and 
the framing. An iron hoop attached to the framing passes under the 
axle on each side, so as to support the axle in case it should break. 

The bearings do not differ materially from those used in England. 
But the axle box is formed so as to allow of oil being used as a lubri- 
cator, as it is well adapted to withstand heat and cold. The oil is con- 
tained in the lower part of the axle box, cotton waste being pressed in 
to prevent it from shaking about, as well as to keep it in contact with 
the axle ; the front is screwed on, and, at the back, a leather fits close 



round the ax e» and prevents the admission of dust. It is stated that 
under favourable circumstances this kind of box will run sometimes for 
a month without requiring to be touched, but there is great difficulty 
in obtaining good oil. 

The wheels used on American railways are of cast iron, with chil- 
led tires. The wheels are from 30 to 36 inches in diameter, made with- 
out spokes. These wheels, when made by the best marks, will run from 
60,000 to 80,000 miles before the tires are worn, and they are said not 
to be liable to break ; they weiget rather more than 500 lbs., and cost 
from SI, to 31, 10s. each ; they are not of course so true as turned 
wheels, but their first cost is less ; they wear well, and during the time 
they last they require no expenditure for turning up ; any crack can be 
more easily detected by sounding with a hammer, and when a wheel 
breaks it does not always do the mischief that is done by a broken tire. 
Chilled cast-iron tires are used on some of the railways for the driving 
wheels of engines ; they are made 3 inches to 3^ inches thick, and 6 
inches broad, and cylindrical ; they are bored out to a true cone to fit 
the centre, which is also of cast iron, turned to a similar cone, and se* 
cured in place by screws. These chilled castings are stated to be pre- 
ferable to steel, or to wrought iron, on account of their being less liable 
to fracture in frost. 

The iron, of which they are made, is of a very superior quality, 
and great practical skill is necessary in the operation. It is stated that 
there are only three firms in the United States whose wheels are fully 
to be relied upon. 

The only connexion between adjacent cars is at the centre, by 
means of the draw-bar ; the draw-bar terminates at each end in what 
is termed a bumper, which enables it to act as a buffer, as well as a 
means of connexion. In the most approved construction of car the 
draw-bar is continuous under the car, and is attached to elliptic springs, 
which act in both directions. 

No force is necessary in coupling the cars, as the ends of the 
draw-bar or bumpers, abut against each other; a shakle is introduced 



through*' the opening behind, and two pins are passed through the 
eyes ; about mi inch play being all that is allowed. An iron shackle is 
generally used ; but on some railways the shackle is made of oak 18 
inches long, 2 inches thick, 6 inches broad, with holes for the pins 1 J 
inch X 2 inch, at a central distance apart of 12 inches. The block, as 
well as each hole, is bound with iron ; but the iron band round the 
block is divided on each side at the centre, so that if a car leaves the 
rails the said wrench would break the shackle transversely. 

In coupling passeng?r cars the man stands on the platform at the 
end of the car ; but in freight cars, when there is no platform, the fol- 
lowing self-acting contrivance for dropping iu the pin, is sometimes 
adopted to prevent injury to the man employed. When two cars are to 
be coupled, the pin in the bumper of one of the cars is supported by 
means of a ball, and the shackle is fixed by its pin in the bumper of 
the other car ; when the cars are moved one against the other, the 
shackle in one bumper pushes back the ball in the other, and allows 
the pin to drop into the hole. 

All possenger cars, and almost all freight cars, are supplied with 
breaks, which are applied to all the wheels, worked from either end of 
the car. The blocks of the breaks are lined with plates of cast iron ; 
and it is never intended that the wheels should be completely skidded. 

On the Philadelphia and Beading Railway there is an arrangement 
by which a sudden check in the speed of the engine applies breaks to 
the wheels of ail the cars. 

Passenger and emigrant cars, covered freight cars, or low-sided and 
platform cars for timber and minerals, &a, are placed upon the trucks 
I have desciibed. Upon some railwoys coal and ballast waggons are 
used, constructed in the some manner as those upon English railways. 

The bodies of the passenger cars are from 30 to 45, and even 60, 
feet in length. This length renders it necessary that the sides should 
be supported by a truss, either in the framing or by iron trussing rods 
below. On lines of 4 feet Si inch gauge the cars are about 9 feet, and 



on the New York and Erie, 10 feet wide, and from 6 feet to 7 feet 6 
inches high. There are two classes of passenger cars, of which one is 
limited to the conveyance of emigrants. In the centre of each end of 
the cars is a door, conducting to a small platform, about 2 feet 6 inches 
wide, from which steps descend on either side to the ground. There is 
a railing to the platform; with an opening to allow passengers to pass 
from the platform of one car to that of another, and thus through the 
whole train. 

On many railways this free passage is not allowed to passengers, 
hut the foremost door of each car is locked, so that all passengers must 
enter at the rear door, and the conductor or servants of the train alone 
pass through with keys. 

The interior of the car forms a large room, with a passage, of from 
1 foot 9 inches to 2 feet wide, down the centre, upon each side of which 
cross seats arc arranged. These seats are intended for two passengers 
each ; they are from 3 feet 3 inches to 3 feet 6 inches long, about 1 foot 
6 inches wide; and 1 foot apart. The back is arranged to be turned, so 
that the passenger may sit with his face in either direction. The seats 
and backs are comfortably cushioned, and there is a window, and venti- 
lator above, to each. A capacious netting is carried along each side, 
from one end to the other, for the reception of umbrellas, bags, and 
cloaks. In winter the cars are warmed by means of an iron stove in 
the centre; and they are lighted at night by lamps placed at the sides. 

In a certain proportion of the passenger cars, a portion, about 7 
feet long, 3 foot 6 inches wide, is partitioned off, in which is a small 
room for the convenience of ladies nursing, and a watercloset. In the 
summer iced-water is placed in water-coolers in the cars. 

On some railways, where the journey occupies a considerable time, 
as for instance, the Illinois Central between Cairo and Dubuque^ some 
of the cars are fitted with compartmeets about the sixe of our first- 
class carriage compartments, in which the seats are arranged for the 
backs to turn up, and so to form two tiers of berth, or sofas, for the 
accommodation of passengers who may wish to lie down. For these an 
extra price is charged. 
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The dust caused by the friable nature of the soil is Ihe great in- 
convenience of summer travelling in the United States. 

Several plans have been tried to avoid it. On some railways 
-windows have been constructed, so that the sides should slant outwards 
and throw it off. 

On the Michigan Central Railway a screen of tarred canvas is fixed 
so as to reach from the lower framing of the cars to within about 2 
inches of the rails outside the wheeb. The screen terminates in a 
framework, which is arranged to abut against a similar framework on 
the next car, so that from one end of the train to the other a tunnel is 
formed under the cars, in which the dust is confined, and can only 
escape at the end of the train. This plan prevents dust in the cars, 
but is said to cause heated axles. 

On the New York and Erie Railway, the following plan secures 
freedom from dust and good ventilation. A funnel placed at the top of 
the car, faces the direction in which the train is proceeding, and the 
movement of the train causes the air to pass down this funnel into a 
chamber, where it is purified. A cistern of water is fixed under the 
car, and a pump worked by the rotation of the axles of the car forces 
the water into the chamber through jets arranged to fill the chamber 
with spary. The air, in passing through this spary, is freed from dust. 
In cold weather a stove is placed so as to warm the water. The air 
then passes through flues under the floor into the interior of the car. 
The windows must be kept closed. As this arrangement is in practical 
use on several cars on the New York and Erie Railway, it would be 
well worthy of a trial upon English railways ; especially in large saloon 
carriages. 

A baggage car, or a compartment of a passenger car reserved for 
baggage, is invariably placed next to the engine. The baggage cars arc 
furnished with doors at the sides to facilitate the loading and unloading 
of baggage. Baggage cars are generally thirty feet long. Next to the 
baggage cars in the trains arc. placed the cars with the compartment for 
m^uls, or for the Express Companies, who undertake the parcels traffic. 
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Freight and cattle cars are usually covered. Their ordinary length 
is twenty-eight or thirty feet, and they are more strongly built than 
passenger cars. 

Almost every car is provided with a break, which can be applied 
to all the wheels of the car. It is worked from either end, so that one 
man can' work the breaks of two cars. In freight trains the guards 
usually pass along over the tops of the cars: the small number of 
bridges and tunnels rendering this course safer than it would be iu 
England. 

In every train a simple and perfectly effectual communication be- 
tween the guard and engine driver is provided by means of a cord. In 
passenger trains a cord, with swivel-hooks at each end, is provided to 
each car. It passes through rings in the ceiling, and it is the duty of 
the conductor to see that the communication between adjacent cars is 
complete before a train starts. In freight trains the cord is passed over 
the tops of the cars. This cord in attached to a bell on the engine. 

The construction of a train on American railways favours this 
mode of communication more than on English railways. The. carriages 
are longer, and therefore there are fewer of them, and consequently 
fewer connexions to be made ; and these connexions are between rigid 
draw bars, without expansion or contraction of buffer springs ; and as a 
person can walk from one end of a train to another, these connexions 
are made very easily, and any omission is immediately detected. 

From above account it will bo seen that the rolling stock on Ame« 
rican railways differs considerably from that in use in England. 

In designing their rolling stock, the Americans appear to Lave 
taken their ideas nrore from a ship than from an ordinary carriage, and 
to have adopted the from best calculated to accommodate large masses 
with a minimum of outlay for first cost, as well as the one which invol- 
ves a minimum of attendance upon the passengers in getting in and 
out of trains. Whilst the cars have been designed with a view to avoid 
every appearance of privilege or cxclusivencss, or of superiority of one 
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travelled over another, they have been constructed so as to secure to 
every traveller substantial comfort and even privacy. 

There is only one class, but as the cars are designed with more re-^ 
gard to comfort than English railway carriages, this class is very much 
superior to second and third class carriages, and only inferior to the best 
first-class English carriages. It is much to be regreatted that almost all 
English railway companies have so entirely disregarded the comfort of 
second and third class passengers, although, as a general rule, second-class 
and sometimes even third-class passengers pay a higher fare than is re- 
quired for the much superior acomraodation of American railways. 

No doubt the American railway cars cannot contain so many pass- 
engers as would be contained in a carriage of equal length divided into 
compartments, but the use of a door at each end, in lieu of several at 
each side, effects a saving in first cost, as well as in subsequent trouble 
to the company's servants, and allows the cars to be made wider than 
they could be with side doors, steps, &c. It is also very convenient for 
the passengers to be able to move about, especially on a long journey* 
The absence of compartments facilitates ventilation, warming, and light- 
ing at night. There is an advantage derived from the use of trucks, 
which deserves consideration viz. : that carriages can be moved easily 
round curves, and that consequently there is some diminution in the 
resistance of curves ; and the use of double springs renders the motion 
of the cars very easy on a good road. Indeed, these cars travel without 
accident over bad roads at velocities, when our carriages would probably 
leave the line. The small diameter of the wheels possibly increases the 
friction to some extent. 

Vehicles of this description would be very convenient in this coun- 
try on all omnibus liucs, and for second and third class traffic ; but it is 
likely that many English first-class passengers would prefer the privacy 
of a compartment The use of this description of vehicle would, how- 
ever, probably render necessary a reconsideration of the mode of buffing 
and coupling carriages together, if not the adoption of the bumper at 
the centre. This mode of coupling entails very much less risk upon 
the companies' servants than the mode in use in this country, and it 
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prevents the possibility of daDger arising from the couplings not being 
properly screwed up ; and the use of a rigid draw-bar through the train 
would afford an easy means of enabling the engine driver to apply 
breaks simultaneously to all the wheels of the train. The mode of 
connecting American cars affords rather more protection than ourf5 
against that class of accident in which one carriage is forced throuirh 
tlie adjacent one, as in such cases the platforms at each end, amounting 
to five feet of space, must be crushed before the body of the car is 
injured. 

Tlic^ main advantage of the American cars is that they convey a 
larger number of passengers, in proportion to the dead weight, than can 
be conveyed in the carriages generally used on English railways. 

On the Baltimore and Ohio Railway, on account of the sharp 
curves, the cars are shorter than on many other lines, viz., 40 feet in 
length ; these cars will contain sixty persons, and it was stated that they 
weigh about seven tons. As a general rule on English narrow gauge 
railways the same number of second-class passengers would scarcely be 
accommodated under a weight of ton tons. 

The passenger car of the New York and Erie Hallway Company, 
is 60 feet long, and would contain above SO people. 

The freight cars on the Baltimore and Ohio Railway, 28 feet long, 
with a capacity for a load of 9 tons, weigh 6 tons. On narrow gaug9 
English railway, as a general nde, the weight of the goods waggon is 
not much less than the weight of load. 

Engines, — The American engines are constructed upon principles 
somewhat analogous co those on which the cars are constructed, with 
the view of obtaining great stability on roads which present at certain 
seasons considerable irregularities of surface. The weight rests as 
nearly as possible upon three points ; the fire-box end being supported 
on the driving-wheels, and the smoke-box end upon a pin which rests 
in the centre of a small truck. The driving-wheels are generally four 
in number, coupled together, with from 5 feet to 5 feet 6 inches diamet- 
er, and placed at about 1 foot 6 inches apart The hinder pair of 
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wheels is furnished with flanges, but the leading driving-wheels are 
generally without flanges, and are frequently cylindrical.* When great 
speed is required the wheels are increased to 6 feet diameter^f but it is 
the almost invariable custom to couple four wheels in all engines. 

For working steep inclines, engines with eight wheels coupled arc 
used, the wheels are cylindrical and about 3 feet 6 inches in diameter, 
^he leading and trailing wheels alone have flanges. In attaching the 
framing to the springs the compensating balance lever is used. Some 
of these engines weigh 30 tons, the position of the engine driver being 
on the top of the boiler. 

In the ordinary engines the truck is made as light as possible, its 
wheels being generally from 2 feet 6 inches to 2 feet 9 inches in dia- 
meter, and about 1 foot 6 inches apart. These wheels are of chilled 
cast iicn, similar to the car wheels. The drivings-wheels are generally 
of cast iron in the centre, and the tires are of wrought iron or some- 
times, as has been already iQentioned, of chilled cast iron, which is 
^stated to be better able to stand frost. 

In most engines the cylindrical part of the boiler, instead of butting 
Against the &re-box, is connected with it by an inclined plate, so that 
there is no right angle at that part. 

Notwithstanding that the coal fields of the United States occupy 
|m area of 130,000 square miles, and extent into Pennsylvania, Ohio, 
Indiana, Illinois, Kentucky, Virginia, and Michigan, until very recently 
wood was the fuel invariably used on American railways. Wood has, 
however, risen very much in price lately ; and on the prairie lines wood 
is not to be had, but coal is found in their vicinity ; on other lines, 
which pass through the coal measures, coal is a cheaper fuel, Hence its 
use is gradually being extended on railways, and it will probably soon 
entirely supersede wood. 

* Sinoe my retam to England I have been informed that a great saving in wear and 
^ear has been effected on an Austrian railway by the use of cylindrical wheels. It is 
steted that the tires do not wear sharp, they last one-third longer, and that the oscillation 
0f the carriages is much less than with coned tires. 

f On the Philadelphia and Reading Railway there is an engine, constructed by Mr. 
Mulki^laiid, with four 7 feet driving-wheels coupled, 17 inch cylinder, and 30 inch stroke. 
This engine wei^s nearly 28 tons, of which 12 tons rest on the leading truck, the ro- 
pt^i^ilftr being distributed between the driving wheels. 
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Several attempts have been made to biim bitominoiia aSoti kl 
engins, without coking it. In one, tbe fresh coal is supplied into the 
fire-box from below, so as to under-lie the heated fuel ; in another, the 
fire-box is divided into two parts, from each of which a flue, with a 
damper, leads to the tubes, and there is an opening below the surface 
of the fuel from one part of the fire-box to the other. The fires are 
alternately charged with fresh fuel, the damper of the fire most recent^ 
ly charged being closed, to cause the smoke to pass through the other 
fire. I cannot give any decided opinion as to the satisfactory results of 
either arrangement. This subject is receiviog at the present timre great 
attention in this country, and the economical results which are stated to 
have been arrived at by Mr. Beattie in somie new engines which he has 
constructed for the London and South-westefd Railway are very extra- 
ordinary. 

Anthracite coal is used on the Fennsylvanian railways. A form of 
fire-box, adopted by Mr. Mulholland on tbe Philadelphia and Reading" 
Railway is stated to be very succesrful. It is shallow, with a large 
grate area ; the bars are of cast iron, | inch broad, and with ( inch 
spaces between them ; and a row of air holes four inches deep by 1§ 
iuches wide, which can be opened and closed at jdeasuer' extends along 
the front of the fire-box, just over the bars. There is also an arrange- 
ment to admit air to the heated gases near the tube plate. The anthra- 
cite coal is spread evenly over the grate bars in a layer nine inches 
thick. The fire-box is made of iron, as is almost invariably the case in 
America, the sides being considerably sloped inward to ensure that the 
steam generated from the water in contract with it shall pass off rapidi-* 
ly, and keep the water in constant contact with the iron. 

It may be mentioned that the contract for the supply of boiler 
plate from the makers is frequently similar to that for rails, viz., that if 
defects in original manufacture are discovered the plate is to be made 
good, and all expenditure incurred upon it defrayed. 

In those engines in which wood is burned, the chimney is sur- 
rounded with an inverted funnel of iron, with a grating at the top to 
catch and contain the sparks. A door at the bottom of tbe femiel al- 
lows the ashes to be removed when necessary. 
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Ainerican engines are provided with what is termed a '' cow- 
Catcher/' in lieu of axle guards. It is composed of a series of iron bars 
uniting in a salient angle, formed to throw to one side any thing that 
lies on the track. The lower bar is about three inches from the rail, 
and the upper part terminates at the framework of the truck. 

4 

This implement derives its name from having been used to protect 
the engine from cattle straying on the line, and with a moderate depth 
of snow it answers all the purposes of a snow plough. 

Every engine is furnished with a bell of at least 30 lbs. weight, 
which is always rung by the driver before the engine is moved forward 
at a station, and also when approaching level crossings, or moving along 
streets. The bell gives notice of the approach of the engine without 
frightening horses, as much as the whistle. The side from which the 
sound proceeds can be easily distinguished, and in the neighbourhood of 
towns it is a much less objectionable sound to the inhabitants. The 
whistle is used on emergencies, and as a signal to apply the breaks, &c. 

There is one arrangement connected with the engines in America 
which mere humanity should cause to be adopted in this country, viz., 
the protection afforded to the engine-drivers and firemen against the 
inclemency of the weather. The foot-plate of the engine is covered by 
a roof supported by glazed sides and a glazed front The windows are 
arranged to open readily, and a passage is afforded to the front of the 
engine. This shed is open at the back towards the tender. 

This arrangement makes the engine-drivers and firemen much 
more comfortable, and enables them to keep a far better look-out than 
when unprotected. 

MAKAQKKCKr 

In a newly-opened country, where the traffic is not sufficient to re* 
quire more than one or two trains each way daily^ and where the sta- 
tions are far apart, considerable time is allowed for the journey, and a 
tndn is not stopped at a station unless there are paasejogers to take up 
or set down^ or there is firaight to^be left or taken on. 
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Under such circumstances, the station service may be performed by 
an occasional assistant, and it becomes more economical to place upon 
the train a responsible person, who regulates the movements of the train 
and collects fares, &c., and to place subordinate servants, if any, at the 
stations ; rather than, as is the case in this country, to place responsible 
persons at the stations, and subordinate servants on the trains. 

The practice of allowing only one class of passengers, due to the 
democratic tendencies of the people, renders it necessary that thei:e 
should be some recognized responsible person in a train to maintain 
order and prevent the oppression of the weak by the strong. 

It appears to be from these causes that the practice, universal in 
America, has grown up of placii^ a train in charge of a " conductor*^ 
who, like the captain of a ship, has full control over its movements^ 
exercises a kind of police over the passengers, and is the guardian of 
ladies or children travelling alone. This person could not, however, 
discharge his duties imless be had the power of n^oving from one part 
of the train to another. He has under his orders the engine-driver and 
fireman, a baggage-man, to whom is entrusted the duty of receivings 
classifying, and giving out the baggage of the passengers, and one 
breaksman to every two cars. With freight trains the conductor has 
under his orders three or four breaksmen. This staff of servants is 
much larger than is furnished on trains on English railways, but it has, 
probably, been found necessary to send sufficient assistance with a train 
to meet cases of accident, and to be at hand to assist in jnaiataining 
order if necessary. 

The large majority of lines in America are single, and the compli- 
cations which arise in working them are mainly due to the unpunctua- 
lity of trains timed to meet one another, The usual system of working 
is as follows : — 

The trains are all arranged to run to a time table, with a copy of 
which each conductor is furnished. So long as the train adheres to this 
time table all other trains are bound to keep out of its way.* 

* In the case of freight trains, when the amount of froiffht to be conveyed it mora 
than one engine can draw, a second, or even a third train is despatehed after tlM first at 
an interval of probably a quarter of tux hour : all these trains bdjig conaidBred to be 
parts of the one train, and under the control of the same conductor. 
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If the train fails to adhere to the time table, the train due to 
meet it, after waiting a specified time— on some lines a quarter of an 
hour, on some lines half an hour or an hour — ^proceeds as if nothing 
were amiss, the other trains being then bound to keep out of its way. 
The system on one or two lines was, that, when late, both trains should 
proceed at a slow pace until they meet, when the train nearest to a 
station should back to allow the other to pass. Occasionally trains of 
an inferior class are started to find their way between the regular 
trains. * 

It will easily be perceived that, under such a sjrstem, the duties of 
the conductors may, in some cases, involve calculations of which they 
scarcely possess the elements ; and when the traffic is large, as for in* 
stance sixteen to twenty trains in twenty-four hours, the unpunctuality 
of one train must so delay the whole traffic as to entail serious loss of 
time and consequent expense. 

It is extraordinary that considering the use made of it for other 
puq)08es, the Electric Telegraph has not been more largely resorted to 
for assisting in the working of American Railways. It is, however, in 
use on a few lines under two systems which I now propose to describe. 

The Morse instrument is the one invariably used, the message be* 
ing recorded on a slip of paper, or, if the operator prefers it, lead by 
sound. A special wire is reserved for the purposes of the trains. 

« 

The first system is as follows : at each station there is a telegraphic 
instrument in connexion with the line wire allotted to a certain district. 

Each time a train passes any station, the name of the train and 
the time of its passing the station is telegraphed. As the wire passes 
through every instrument in the district, this message is read by every 
station clerk, and is entered by each inio a book. 

It is the duty of the conductor of a train to keep himself well 
informed, by means of this book ac each station, of the position of all 
the trains which have any influence over the movements of his train. 
And if either of two trains, timed to meet at a particular station, is 
late, the conductors of the two trains should make arrangements by 
telegraph for a meeting place different from that specified in the time 
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table, Thi8 system is in use on some of the Canadian Railways. It 
leaves with the conductors of the trains the responsibility of making 
arrangements at variance with the time table. 

The second system places the responsibility of altering the tim« 
table, when circumstances render it necessary, upon an officer who is 
acquainted with the movements of the trains over the whole line, or 
the particular section of it committed to his charge. This system is as 
follows : — ^The line i^ divided into as many sections as the requirements 
of the traffic render necessary ; upon each section, in -some convenient 
situation, is placed an officer, called a '' Train Despatcher,'' to whom ia 
tel^raphed the time at which every train arrives at^ departs firom, or 
passes each station. 

Thus the train despatcher has continually before him the position 
of every train on the line, which he lays down upon a diagram board 
pi:epared for the purpose. 

So long as the trains are working in accordance with the time table, 
this officer does not interfere ; but when he observes that a train i£ de* 
layed so much that it will interfere with the movements of some other 
train, he sends a message, distinctly expressed, through, the clerks 
at the nearest available stations, to the engine drivers and conductors 
of both trains, to alter the place of passing fixed in the time table • 
thus furnishing them with a revised time table. The message sent by 
the train despatcher is followed by the signal, ** How do you understand 
this ?" and the order is not to be obeyed until the train despatcher has 
signalled back to say that the conductor's version is correct 

The train despatcher is thus enabled to prevent the useless delay 
of trains, and to compensate for the impediments arising from the van* 
ations of weather, and other accidental circumstances, which prevent a 
time table from being rigidly adhered to. If from any cause he fails to 
send a message, the only result is that the trains are debtyed to the 
same extent as would have been the case if there had been no telqpraph. 

This system might be applied with advantage on double lines of 
railway, to regulate the movements of trains, and prevent delays on 
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lines where a large mixed traffic is carried on ; as, for instance, where fast 
passengertrains; or special cattle trains, are timed to pass slow trains, 
when ignorance of the position of a train often causes great delay and 
consequent expense^ and also increases the chances of accident. On 
lines where the electric telegraph is in use, the clocks at all stations are 
regulated daily by it at noon. 

The electric telegraph is also used on some railways to notify daily, 
at a particular time, the number and description of cars lying at each 
station, as well as the number required for moving the freight from 
each station, and orders for distributing the cars according to the re-^ 
quirements of the traffic are then forwarded by telegrapk 

Thl^ system of telegraphic working, more perfect than any I have 
seen elsewhere, was first introduced by Mr. M'Gallum, the Superinten- 
dent of the New York and Erie Railway. 

This railway possesses very inferior gradients to the New York 
Central Railway, With which it is in competition for western traffic ; 
and Mr. M'Callum has introduced a very careful system of working, by 
which it is enabled to compete successfully with its rival 

As the system, taken as a whole, presents many features of inter-^ 
est, and exhibits a high degree of centralization in the working, I shall 
endeavour briefly to describe it 

It may be premised that the New York and Erie Railway, with its 
subsidiary lines, is above 550 miles in length, extending from New York 
to Dunkirk, Buffalo, and Niagara^ It possesses 168 miles of double 
line, and 387 miles of single line. The gross receipts per mile were 
2,316/. for 1855. This amount of traffic is about the same as that on 
the Eastern Counties Railways in this country for the same period. 

The idea upon which the system is founded is, that to work a line 
efficiently the responsible head must possess a complete daily history 
of the details of working in all their minutiae ; and the following gene« 
ral principles are laid down to carry it into effect.* 

* Thu.^ ertnots an from a repoii made by Mr. M'Callam to the Directors of the 
Kew York and Erie Railroad, dated 2&th March 186G. 
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'M. A proper diyison of responBibillties. 

" 2, Sii£Gicient power conferred to enable the same to be fully carried oat, 
" that such responsibilities may be real in their character. 

" 3. The means of knowing whether such responsibilities are faithfullj 
'' executed. 

" 4. Great promptness in the report of all derelictions of duty, that CTils 
*^ may be at once corrected. 

'^ 5. Such information to be obtain through a system of daily reports and 
'^ checks, that will not embarrass principal officers, nor lessen their influence 
" with their subordinates. 

** 6. The adoption of a system as a whole, which will not only enable the 
<< general superintendent to detect errors imediatly, but will also point out the 
" delinquent." 

The general superintendent is solely responsible to the president of 
the line; the organization under the general superintendent being 
as follows : 

** 1. Division and branch superintendents. 

*' 2. Masters of engine and car repairs, 

<< 3. Car inspectors. 

'' 4. General freight agent, 

" 5. General ticket agent. 

'^ 6. General wood agent. 

" 7. Superintendent of telegraph. 

" 8. Foreman of bridge repairs. 

<' 1. The several divisions and branches are in chaige of superintendents! 
^< who are held responsible for the successful working of their respective divi- 
'' sions, and for the maintenance of proper discipline and conduct of all per- 
*^ sons employed thereon, except such as are in the employment of other offices 
" acting under directions from the general superintendents Qffioe» as herein- 
'^ after stated. They possess all the powers delegated by th^ organisation to 
** the general superintendent, except in matters pertaining to the duties of 
" general ticket agent, general freight agent, gon^ wood agent^ telegraph 
'* management, and engine and car repairs. 
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They have authority to change, by telegraph or otherwise, the moye- 
^' ment of trains from the times specified in the tables. 

*' 2. Masters of engine repairs are held responsible for the good condition 
'' of the engines and machinery in shops, and the cost of their repairs, 

" It is their duty to make frequent and through inspection of the engines, 
*' so as to guard them from accidents and injuries which may result from the 
want of seasonable and trifling renewals : also to see that the engines are 
otherwise in efficient condition for use. They are also required to report to 
'' the Diyision Superintendents all cases they may discover of abuse or mal- 
'' treatment of locomotives by engineers or dispatchers. 

" There are eight principal engine repair shops on the line, and five 
*^ shops secondary in their character, in charge of foremen, which are used 
'^ only for making such repairs as are required to enable engines to be run 
<* back to the principal shops, where all extensive repairs are made. 

*^ 3. Car inspectors.-^ For the more thorough supervision of cars while in 
" transit, the road is separated into two divisions, and a car inspector appoint- 
'' ed for each, whose duty it is to examine both passenger and freight cars, to 
'< see that they are kept in good condition, having special regard to the reduc- 
'' tion of friciionj making all such trifling repairs as may be found necessary, 
'* and which can be performed, without the aid of the force employed in shops. 
'^ Cars are inspected on entering each division by the division inspectors and 
" their subordinates, who are authorized and required to condenm all cars 
" which in their judgment are unsafe, and to call the attention of the officers 
" in charge of general repairs to the fact. 

'' 4- Th^ general freight agent has the supervision of the freight charges ; 
" his dutiSs-are, with the approval of the president or general superintendent, 
'' to make and regulate prices for the transportation of freight, to negotiate 
" contracts and arrangements with individuals and other companies, and to 
" see that such contracts ate fairly and equitably complied with ; also to in- 
** vestigate and examine all claims for damages and losses of freight or baggage 
'' and certify such of them as are found valid to the general superintendent 
" for approval. 

" 5. The general ticket agent is required, with the approval of the prc- 
" sidcnt or general superintendent, to regulate the prices, for transportation 
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" of passefngera, to negotiate ticket arrangements with other companies, auJ 
" to supervise all matters connected with the sale of tickets. 

'* C. The general wood agent is required to provide the necessary supply 
*' of fuel for use on the road, to have it delivered in such quantities and of 
" such qualities as shall be in accordance with the specifications ; to see that 
** it is carefully measured before payment is made, and to submit all Contracts 
" to the general superintendent for approval. At the end of each month it is 
" his duty to furnish an accurate statement of all the fuel consumed during the 
" month, and at the end of each quarter he is required to make a correct in- 
" ventory of all the fuel received during the quarter, the amount paid for the 
" same, the amount consumed, and the fuel on hand stating the locality of 
" the same. 

^' 7. The superintendent of telegraphs is held responsible for the proper 
*^ working and economy of the line, and prompt transmission of communica- 
'* tions ; he is required to perfect such arrangements as well enable superin- 
** tendents of divisions and other officers of the company to avail themselves, 
'^ to the fullest extent, of the advantages to be derived from the use of the 
'' telegraph in communicating information or directions in regard to the move- 
^* ment of trains or business operations of the road, and to see that the instru- 
" ments, batteries, and other property in his charge are kept in good order 
" and preservation. 

'* 8. The foreman of bridge repairs has general charge of all the bridges 
'^ upon the road ; he is required to examine then frequently, and is held res- 
'* ponsible for their safety. 

^* Each officer possesses all the power ncccssaiy to render his position 
'^ efficient, and has authority, with the approval of the president and general 
<' superintendent, to appoint all persons for whose acts he is held responsible, 
<' and may dismiss any subordinate when in his judgment the interests of the 
" company will be promoted thereby. 

'' The enforcement of a rigid system of discipline in the government of 
*^ works of great magnitude is indispensal)le to succces. All subordinates 
'' should be accountable to and be directed by their immediate tuperian only^ as 
" obedience cannot be enforced where the foreman in immediate change is in. 
" terfered with by a superior officer giving orders directly to his subordinates. 
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" It is veiy impottaut, however, that principal officers should be in 
** IK)ssession of all the information necessary to enable them to judge correctly 
** as to the industry and efficiency of subordinates of every grade." 

One peculiar feature of this sub-division of duties, as distinguished 
from the arrangements adopted on railways in this country, is, that the 
engines, when not in the shops for repair, are under the sole control of 
the division superintendent, who is responsible for obtaining a maxi- 
mum of work from them ; the masters of engine repairs being held 
responsible for frequently inspecting the engines, and taking care that 
tliey are not run when in need of repair. 

The object of this organization being to obtain the greatest effici- 
ency and economy in working the trains, the following are the general 
arrangements by which it is effected : — 

IsL The electric telegraph is applied in the manner already des- 
cribed for preventing the delay and danger which would arise from the 
unpunctuality of a train, upon the movement of which other trains 
depend ; and for regulating the movements of the cars in accordance 
with the requirements of the stations ; by which means the rolling stock 
is utilized to the greatest extent possible. 

2nd. Tlie position of the trains is reported hourly by telegraph to 
the general superintendent's office. When passenger trains are more 
than ten minutes, and freight trains more than half an hour late, a spe- 
cial report of the cause of delay is made by the conductor at the nearest 
station, and forwarded to the general superintendent by telegraph. The 
information thus received, is tabulated on a convenient form, and fur- 
ther inquiries made, if necessary. This close investigation of delays is 
adopted, because they develope a class of facts and delinquencies which 
could not easily be detected in any other way ; and when the prevailing 
causes of delays are known they can be removed. 

The speed of freight trains is regulated at the lowest standard con- 
sistent with the exigencies of business ; and the speed of the trains 
between stations is carefully checked in the office, and explanations 
called for if it has been exceeded. The necessary information is obtain- 
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ed from the daily reports of the conductors, engine-driverB, and station 
agents. 

3rd. The work done by each engine and car is noted every day ; a 
printed tabular statement, sho¥ring the load which each engine is capa- 
ble of moving under specified circumstances of speed and weather, is 
furnished to the engine-driver, and the division superintendents arc 
held responsible for seeing that the engines are worked up to their 
capacity, and that the useful load conveyed in the cars is a maximunL 

A monthly statement of the number of miles run by each engine, 
of the expenses of running, of the cost of repairs, and of the work 
done by the engine, is printed and circulated amongst the servants of 
the company. 

Each division superintendent furnishes to the general superinten* 
dent a monthly account for each train run during the month, showing 
the number of miles run by the trains,* and by each class of vehicle, 
the cost of fuel, oil, &c., the expenses of train attendants, and a proper- 
tion of the cost of station expenses, maintenance of way, &c, and all 
other expenses under the supervision of the division superintendent ; aa 
also the receipts from each train. 

The returns required are framed with the view of obtaining a oom« 
parison between the management in the different divisions, and of the 
care which is bestowed on the working by the servants, as well as to 
show whether the receipts from each class of traffic are profitable. 

The whole system is based upon a principle which seems to be one 
well adapted to secure economy and efficiency, viz., the maintenance of 
rigid discipline, and such a distribution of duties as will secure per^ 
sonal accountability through every grade of the service. 

The speed of passenger trains in the Eastern States is not very 
different from that upon English railways, but the number of trains by 
which passengers can travel is much more limited. In the Western 

* When the amount of traffic renders it necessary to run a special train, the receipts 
and expenses of the special train arc credited to the regular train which it relieves. 
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States the speed is generally limited to about twenty or twenty-four 
miles per hour: certainty of communication being of far more conse- 
quence than speed, or frequency, in a new country. 

Pages 25 to 27. 

General Remarks. 

There are two distinguishing features of the American system in 
its relations to the public, which contrast strongly with the system in 
operation in this country, viz : — 

First That the public are left almost entirly to take care of 
themselves in trains, at stations, and at level crossings, the only warn- 
ing of danger being a placarded notice, or the sound of the engine bell. 

Secondly. That the conveniences and comfort in the cars are ex- 
tended equally to all ranks of passengers at a low race of fare ; by 
which the tendency to travelling is promoted. 

These two features are no doubt in some measure due to the habits 
of the people. Indeed, it is to be borne in mind, that the American 

Railway System must not be judged by the standard that we have 
established in England. 

In this country, where the space is limited, and where good roads 
and canals already existed, railways were sought as a means of annihi- 
lating distance by high speeds, and of centralizing business into one 
focus ; and were at first scarcely considered as a means of conveyance 
for the lower classes. 

In a new country, where time is not so valuable, high speeds are 
not required, but a cheap and certain means of locomotion for all class- 
ed, and of transporting the produce of the country to a market, is a 
first necessity. A railway is the best instrument for satisfying this 
want. Any saving in the cost per mile of a railway adds to the means 
available for extension; and, in a rapidly developing new country, 
capital is dear. Hence a rough and ready cheap railway, although it 
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entails increased cost for maintenance^ is preferable to a more finished 
and expensive line. These considerations have influenced the construc- 
tion of American railways, and the system which has grown up under 
them is well adapted to the wants of the country. 

But this system has not yet attained a fixed position. 

» 
As the population and the consequent traffic increases, new capital 

must be expended in stations, sidings, and additional lines of rails, by 

which the cost pear mile, which now averages from 7fi00L to 9,000Z., 

will be increased ; the several railways will become more interlaced ; a 

freer interchange of working stock will probably be necessary, possibly 

involving a resort to an establishment similar to the railway clearing 

house. 

Independently of the conveniences afforded equally to all ranks of 
passengers, already mentioned, there are, many points in the system, 
which are worthy of consideration : — 

1st. The general system upon which the railway companies are 
organized is one which appears to afford a good guarantee for efficient 
mana£[ement. A railway is managed by a well-paid president, in whom 

I 

the whole executive power is vested ; he is responsible for the efficient 
and economical working of the line. A body of directors, generally 
good men of business, unpaid, excepting on peculiar occasions, are ap- 
pointed to watch over the interests of the shareholders, and to see that 
the president does his duty; and also to take care that the accounts are 
kept in such a form, and with such checks, that malversation cannot 
take place. The shareholders have the piivilege of electing the presi- 
dent and the directors annually, instead of being compelled to elect 
them for three years, as is the case in England. They, therefore, pos- 
sess a direct control over the management of their affairs. 

2nd. There are several matters, connected with the construction 
of railways, which are worthy of notice, viz :— 

The encouragement of the use of rails on roads and streets, to faci- 
litate the distribution of goods traffic, as well as to accomodate local 
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psLssenger traffic, would prove very useful ia many towns, where thfe 
streets are broad, instead of throwing every impediment in the way of 
thus extending the advantages of railways. 

The practice of attaching a signal to the lever by which the 
switches or points are moved, and of habitually locking facing points in 
position, might be advantageously followed. 

The plan of carrying a railway over a hill by zig-zags would aflford 
a comparatively inexpensive iheans of crossing a steep mountain pass. 
Kach zig-zag terminates in a level space, and the train having been 
moved forward along one zig-zag on to the level space, is backed up the 
next, and so on. 

The principle of supporting engines and csrriages on two indepen- 
dent trucks deserves attention;* the small diameter of wheels may 
possibly increase the friction, but the cars run safely, and the double 
springs secure easy motion ; it enables very long-bodied cars to be used, 
which accommodate more passengers ¥rith less dead weight than is 
usually the case in England; especially on narrow gauge lines. The ab- 
sence of doors renders the amount of attendance on passengers more 
easy. The conveniences, before described, which are aflforded in Ame- 
rican cars, are a great comfort on long journeys. 

The invariable establishment of a means of communication be- 
tween the different servants in charge of a train, and the use of breaks 
to each carriage, might be adopted with advantage. The mode of 
coupling carriages together by means of a central connection deserves 
notice, as being less dangerous for the employ^ than the plan in use 
on English railways.-f* 

The protection afforded to the engine driver and fireman against 
the inclemency of the weather is well worthy of imitation, and would 
promote safety by enabling the men to keep a better look out. And 



* Cariiaffes on this principle were in lue for a short time on the Waterf ord and 
limerick Rsulway. 

t A central connexion between carriages has been in use on the Dublin and Kings- 
town Railway. 
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the use of a bell on the engine, in lieu of the continual use of the 
steam whistle, to give notice of the approach of a train to stations and 
at level crossings, pressents many advantages, especially in towns. 

3rd. Economy and increased efficiency results from the use of the 
electric telegraph to transmit information of the movements of all the 
trains on a railway, and to enable a responsible officer, placed in a cen- 
tral position, to control them when they become irregular, as well as to 
learn each day the positions of all cars on the railway, and the quantity 
of goods, &c. at each station which requires to be accommodated, and to 
give orders for the cars to be moved to meet the wants of the traffic. 

4th. The detailed organization on the New York and Erie Rail- 
way deserves attentive consideration ; its main features being a high 
degree of centralization, and the systematic arrangement of the duties 
of the officers and servants, so as to enforce a rigid system of personal 
accountability through every grade of the service. 

5th. Those general legislative provisions for securing the public 
interests, which appear principally to deserve notice, are that the rail- 
way companies shall keep their lines in repair and open for public use, 
and that they shall supply sufficient accommodation, and transport 
merchandise and property without partiality, favour, or affection, and 
with all practicable dispatch. That a railway company is prohibited 
from exercising the calling of a banker, broker, or dealer in any article 
whatever. That in some States a government department is empower- 
ed to inquire minutly into the causes of raiiway accidents, to examine 
witnesses on oath, and to call for all necessary books, papers, &c and to 
publish their reports. 

6th. But it is with reference to the construction of railways in 
our own colonies that the American system deserves especial notice. 
The considerations which led to the adoption of, and the necessities 
which fostered, that system apply with equal force to railways in the 
colonies. It appears, therefore, desirable to call attention to some of 
the deductions which may be drawn from the consideration of this 
system. 
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a. A railway would appear to be the best road for arterial lines 
of communication in a new country. 

b. In making railways in a new country, bearing in mind the 
high rate of interest which money commands, the outlay for construc- 
tion should be as small as possible consistent with safety and economy 
<»f working; the object being to devote the money, to be spent, to ex- 
tending the mileage and opening out the country, rather than to making 
Aery solid works or to obtaining high speeds. 

c. Railways made by the States in America have not proved suc- 
cej>sful, in consequence of the persons selected to manage them being 
chosen for political considerations. 

d. The encouragement given to private companies for the con- 
struction of railways in new states, by means of grants of land, has 
proved very successful. It has facilitated the rapid settlement of the 
country and the development of its resources. It has directly benefited 
the State by enhancing the price of the land retained by the ^tate, as 
well as by the permanent reduction of the general taxation occasioned 
by the contribution of seven per cent, on the gross receipts of the rail- 
way reserved to the State in consideration of the grant of land. But 
the successful instances of this system are limited to localities where 
land is of a superior quality, and the climate favourable. 

I cannot close this report without expressing to your Lordships 
how much I am indebted for the information which I have obtained, to 
the invariable courtesy that I received from every person connected 
with railways in the United States and Canada, and to the great readi- 
ness with which they furnished me with all the particulars in their 
power. 



I irvc the honor to be, &c. 



DOUGLAS GALTON, 

Captain, Royal Engineer, 
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